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Abstract 
An assessment framework that presents the critical attributes that influence the accommodation 
of change within a building, specifically focusing on the renovation and reuse of existing low to 
mid-rise buildings, is developed. Unlike past studies on building renovation and reuse, this 
research moves away from the exogenous factors (e.g., building location, social and community 
issues, building age, or building deterioration) and instead concentrates on the physical 
engineering systems within a building that influence the feasibility of renovation and reuse. In 
order to develop this framework, detailed information was gathered about building renovation 
and reuse through literature, construction site visits, and interviews with industry professionals. 
A sample of 45 general building renovation case studies was examined according to two 
dimensions, a set of building systems and a set of changes which they experience over time. The 
building systems used include the structural system, the exterior enclosure system, the services 
system, and the interior finish system. The changes, which they experience, were broken down 
into three main categories: function, capacity, and flow. These dimensions were used to examine 
26 out of the 45 general case studies in detail to obtain the empirical data with which the 
framework was developed. 
The examination of these case studies and the development of the assessment framework show 
that a movement towards accepting and incorporating new methods, techniques, and design 
alternatives within the construction industry is growing. More owners and developers are 
changing their overall outlook on the cost associated with building design, construction, and 
renovation from a concentration on initial costs to a broader encompassment of a building's 
lifecycle costs. This change in thought has incited a movement towards incorporating 
capabilities to accommodate change within building designs. However, to complete this 
movement the complex interactions and dependencies among the building systems and the 
changes that they experience, which through this research have been shown to exist, must be 
addressed and simplified. 
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1 Introduction and Problem Statement 
1.1 Background 
The construction industry has traditionally been seen as slow to accept change and incorporate 
innovation. This applies not only to the products and equipment but also to new methods and 
techniques as well as new design alternatives. This research addresses the apparent reluctance 
within the construction industry to accept and incorporate new methods, techniques and design 
alternatives by providing a systematic approach in which to assess design and technology 
innovations. A major problem in today's building construction industry and its building stock is 
the inability to efficiently accommodate changes and future needs, resulting in the onset of 
functional obsolescence. By incorporating new methods and techniques of designing and 
constructing such buildings, which acknowledge the importance of building flexibility and 
incorporate capabilities to accept change, the effects of this problem could perhaps be decreased. 
1.1.1 Buildings vs. Other Forms of Infrastructure 
The foundation and lifeline of the United States of America is the nation's infrastructure. To 
ensure that this nation continues to grow and prosper from within, this infrastructure must be 
managed and maintained properly. An emphasis has already been placed on the importance of 
designing, building, and maintaining infrastructure in order to ensure that it can serve its 
intended purpose for an extended lifetime (often explicitly 50 to 100 years) (Slaughter, 1997). 
Most forms of infrastructure, including bridges, highways, tunnels, and offshore platforms, have 
incorporated this ideology. Although these structures currently do not explicitly incorporate this 
emphasis on long term functionality into their design and construction, it has become a major 
current objective that they do so. These structures are generally designed and constructed to 
provide safe and sufficient use for the public over a long lifecycle; in a sense, they are considered 
as permanent additions to the built environment. 
Research has been performed to devise methods that can be used to assess the levels of 
deterioration as well as the overall obsolescence associated with such infrastructure (Lee and 
Aktan, 1997; Lemer, 1996). That research displays the importance of designing maintainable 
structures that are capable of providing efficient service over a long lifecycle. A facility's initial 
capabilities (e.g. the durability of materials, and the flexibility of mechanical equipment), and 
how the facility is maintained, influence the likelihood or timing of the onset of obsolescence 
(Lemer, 1996). However, infrastructure designers and managers have largely neglected the 
impact of this obsolescence. In fact, "across the nation, bridges have been restricted or closed 
because they cannot safely carry the increasingly heavy loads of vehicles .... The U. S. General 
Accounting Office concluded in 1991 that about 40% of the nation's bridges were deficient" 
(Lemer, 1996, pg. 153). 
While increasing research focuses on bridges and other elements of the transportation 
infrastructure and their potential obsolescence, similar problems have occurred in another 
member of the infrastructure group, namely buildings. However, unlike the other parts of the 
infrastructure (e.g., highways, bridges, and offshore platforms), little emphasis has been made to 
ensure that buildings are designed, constructed and maintained in order to provide useful service 
over a long lifecycle. Older buildings that were initially designed to accommodate one usage can 
no longer suit that use and therefore are becoming obsolete (e.g., the loads placed on the floor 
slabs have increased due to an increase in the size of equipment, an increase in the amount of 
traffic within the building, or an increase in the need for mechanical HVAC units). Due to their 
initial design, these obsolete structures are incapable of accommodating the necessary changes 
that would once again allow them to function efficiently, whether for the original or a new usage 
class. By planning ahead and incorporating the flexibility necessary to allow such maintenance 
or such required changes to be performed, the lifecycle and useable service life of these buildings 
would increase, as would the associated savings. 
1.1.2 Initial vs. Lifecycle Costs in the Building Construction Industry 
Incorporating flexibility into the initial design and construction of a built facility is generally 
perceived to increase initial costs (Slaughter, 1998; Lewls/Trussell Interview, 1997). However, 
the overall lifecycle costs associated with operating, maintaining and renovating a building could 
decrease dramatically. It is often design approaches rather than simply bigger or thicker 
components that most effectively increase capacity to accommodate change. Therefore, 
incorporating flexibility may not significantly increase the initial costs as traditionally expected. 
Within the construction industry, an emphasis has traditionally been placed on minimizing the 
initial costs associated with the design and construction of buildings. The common trend has 
been to design and build a building to the least initial cost while still meeting and maintaining the 
particular usage requirements for the building. For instance, office buildings can be designed 
and built to meet the minimum requirements in floor loads. While this approach can potentially 
save the owner money in the short run, it can cost them more money in the long run, such as 
when the building becomes obsolete for the particular use for which it was initially designed, or 
cannot accommodate emerging new requirements. By emphasizing minimizing the initial costs 
of constructing a new building, the owner often receives a false sense that heishe is saving 
money. Speculatively, if the owner had instead placed a larger emphasis on the overall lifecycle 
costs during the overall design and organization of the building, they might have saved more 
money over time. The costs associated with the design and construction of a building are just the 
beginning to a lifetime of different costs that a building owner must endure with a building, as 
shown in Figure 1.1. 
Figure 1.1 - Building Lifecycle Costs (Slaughter, 1997) 
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Although the initial costs are important in determining the design for a building, the owner 
should also consider the longer term costs associated with maintaining that building and 
renovating it as particular systems or the entire building begins to become obsolete for its initial 
usage class. By planning ahead and incorporating the capability to accommodate future change 
within the building itself, the owner could decrease the lifecycle costs with only a small 1-3% 
increase in initial costs (Lewis interview, 1997; Kiell, 1992). For example, an owner could 
specify an office building with higher floor to floor heights and increased capacity for structural 
loads so that the building could suit research and development use, or other possible uses without 
having to incur major structural reinforcement down the line. 
Building needs and usage requirements, as well as typical working environments, change 
frequently and often drastically, and can lead to a building's functional obsolescence much 
earlier than initially expected (Patterson, 1998; Iselin, ed., 1993; Kiell, 1992). By planning 
ahead and incorporating possible future changes within the initial design and construction of new 
buildings, it should be possible to create a defense to building obsolescence and its associated 
costs. 
1.1.3 Building Construction in the 1980s to 1990s 
In the 1980s, the real estate market and the construction industry in the United States 
experienced a major boom in the construction of commercial space (Kiell, 1992). Corporations 
and companies concentrated their time and money on creating new, larger and more complex 
facilities to help promote their industrial enterprises. The construction of these new commercial 
and industrial structures quickly gained public attention and captured the headlines throughout 
the U.S. However, while these new complex structures were gaining the headlines, smaller less 
complex renovation projects were also becoming prominent in the real estate market and the 
construction industry. Many owners began to take advantage of the characteristics which older 
structures possessed. They removed themselves from the traditional 'demolish and rebuild' 
theory of the late 1960s to early 1970s, and embraced a new era of reuse and adaptation of 
existing structures (Kiell, 1992; Lion, 1982). 
As the 'demolish and rebuild' theory had done in the 1960s, this new theory of reuse began its 
own era in the 1980s. While new construction activity eventually evened out in the late 1980s, 
renovation continued to grow. "In fact, according to Cahners Economics in their publication 
Building Design & Construction, in 1989, inflation-adjusted spending on commercial 
reconstruction rose 5.9 percent in contrast to a drop of 2.8 percent in new office construction and 
a slight rise of 1.6 percent for new industrial construction" (fiell, 1992, pg. 11). 
"In fact, the rehabilitation of existing structures has become such an important issue that over the 
past decade in the United States, more than half of the total construction budget has gone to some 
form of renovation, remodeling, or reutilization of existing buildings" (Lee and Aktan, 1997, pg. 
1). In many regions, particularly urban areas, renovation is becoming the more economical form 
of construction. Existing structures are no longer seen as disposable objects but instead are seen 
as valuable assets. The importance of existing buildings as assets, which can help promote the 
future growth and prosperity of metropolitan areas, has influenced many owners, developers and 
others to maintain and beautify existing structures (Lee and Aktan, 1997; Stewart, 1997; 
Poskanzer, 1996-97). 
What truly is influencing many.owners, developers and others to purchase older structures or 
hold onto their own structures and adapt them for future use? The renovation movement has 
been ignited primarily by several economic and social factors that arose during the 1980s 
(Poskanzer, 1996-97; Lion, 1982; Kiell, 1992). During this time, building costs increased. 
Materials, labor and design costs have increased, thus malung cost a very important issue with 
regards to construction. Renovation has the potential to provide savings in these costs compared 
to new construction (Poskanzer, 1996-97; Lion, 1982; &ell, 1992). Another factor is the fact 
that rehabilitation generally entails a much shorter construction schedule than new construction. 
More construction time equals a loss in revenues during that time (Poskanzer, 1996-97; Lion, 
1982; Kiell, 1992). This increase in building costs is paralleled by an increase in the strictness of 
financing parameters offered by most of the lending institutions. Therefore, renovation projects 
often present lower construction costs than new construction projects (Poskanzer, 1996-97; Lion, 
1982; Kiell, 1992). "With economy less of a factor in bygone days, many older buildings tended 
to be over-designed and have sound frames", thus promoting their capability for adaptation for 
other uses (Lion, 1982, pg. 2). 
The increasing complexity which new construction now incorporates has also become an 
important factor. The incorporation of several new building codes for federal, state, as well as 
local authorities have made the entire construction process a much more difficult task to 
complete ( h e l l ,  1992; Bordass and Leaman, 1997). Another factor which has effected the 
decision for renovation over new construction is the increased sense of historic preservation 
within the U.S. Buildings are now being considered reminders of our nation's past that must be 
maintained and restored to continue to preserve our national heritage (Poskanzer, 1996-97; Lion, 
1982; Kiell, 1992). Despite all of these previously mentioned factors, one of the main reasons 
for renovating a facility is simply a required upgrade of the facility to meet the tenants' needs. 
In many regions, renovation projects can promote social issues and increase the sense of 
community within the environment. "By finding fresh uses [for these buildings], decay can be 
halted and whole neighborhoods rejuvenated while at the same time maintaining a sense of time 
and place" (Eley, 1984, pg. 3). In addition to these changes, the historic preservation of existing 
buildings became an important issue in many regions. This resulted in the prevention of the 
demolition of certain structures and thus promoted their creative reuse. 
While the economic and social factors are very prominent considerations associated with 
renovation projects, there are many other reasons why many owners, developers, and others have 
decided to renovate. For instance in 199 1, Building Operating Management magazine produced 
a survey in which they asked readers for their primary reasons for renovation. The results of this 
survey are shown in the table below. 
Table 1.1 - Primary Reasons for Building Renovation (Mathew Kiell, 1992) 
"Note: Respondents could select multiple reasons, so the total proportion is greater than 100% 
Reasons to Renovate 
Modernization 
Conversion to New Use 
Energy Conservation 
Code Compliance 
Tenant Change 
Other Reasons 
These reasons help explain why renovation and refurbishment has become such a popular 
method of construction over the past decade as well as why it is so important that buildings are 
designed to incorporate capabilities to accommodate future change and thus ease the renovation 
process. 
Proportion of Sample* 
62.4% 
30.3% 
18.9% 
14.7% 
14.2% 
8.2% 
1.1.4 Renovation within the Construction Industry 
In studying the renovation of existing buildings, it is important to specify what exactly 
'renovation' means. "Renovation, or refurbishment, is the hard-headed business of malung use 
of what is usable in the aging building stock; the skillful adaptation of a building shell (which is 
valuable in its own right and not due to any historic mystique) to a new, or an updated, version of 
its existing use" (Marsh, 1983, pg. 3). While many people think of renovation as the 
conservation of a historical building, that is not always true. Few structures are worthy of such 
architectural merit. However, several structures are capable of and useful for renovation and 
reuse. Renovation simply is the "good management of the building stock of a country, a 
company or a building owner to ensure that the initial investment in 'bricks and mortar' are not 
squandered prematurely" (Marsh, 1983, pg. 3). 
Renovation may actually reduce risks as well as initial costs. It can and has been argued that the 
construction of a new structure incorporates greater risks than renovations of older structures, 
because the older structures have already proven that they can withstand the associated 
development risks. "In sense, an existing building has a track record that makes the risks clearer 
and more predictable" (Kiell, 1992, pg. 15). 
Yet, renovation projects are not always as easy as some professionals may say, and often times 
they too incorporate several risks that must be considered and analyzed prior to the work. The 
designers for the renovation of an older building must design around the constraints that the 
structure and other systems impose. "Refurbishment presents a fascinating array of snags which 
are novel to the designer who has previously concentrated on new work" (Marsh, 1983, pg. 1). 
These uncertainties and snags may make a renovation project much more unpredictable than a 
new project, thus increasing the associated risks (and often the associated costs). Due to this 
diversity of problems and the uniqueness of each renovation project, it is impossible to offer a 
single design approach or solution. However, it is possible to ease the renovation process by 
providing a systematic approach to assess the existing capabilities of a building to accommodate 
changes and incorporating flexibility within a building's design, thus providing it with the 
capabilities necessary to accommodate future changes. 
1.2 Research Objective 
This research focuses on the analysis of the reuse or renovation of existing buildings. In order to 
determine if a building can feasibly be renovated and reused, it is important to determine the 
particular characteristics within the building that permit renovation and reuse to be performed 
easily and that produce a good facility for the owner/occupant. The purpose of this analysis is to 
determine the critical aspects within a building's four main systems (e.g., the structural system, 
the exterior enclosure system, the services systems, and the interior finish system) which 
influence the feasibility of renovation and building reuse. The data for this research was 
empirically derived through site visits on renovation projects within the Boston Area, personal 
and telephone interviews with professionals associated with renovation projects throughout the 
United States, and through journal article reviews. The data obtained were with regards to a 
building's ability to accommodate changes in function, capacity, and flow, as well as the 
components within and interactions between the four building systems that aid the building's 
flexibility. The data were verified through interviews and interactions with professionals within 
the construction industry (e.g., owners, developers, owner/developers, contractors, and 
architects) who have had experience with numerous renovation projects. 
The first stage of this research entailed the determination and analysis of the theory that 
buildings should be designed and constructed with capabilities to incorporate future change. In 
order to analyze the ability of facilities to accommodate change, the facilities were divided into 
the four commonly used building systems as stated above. These systems and their individual 
components were determined to be applicable to all forms of buildings and therefore relevant for 
the purpose of this research. Nearly all of the nation's building stock at one point in time 
undergoes some form of change. For the purpose of this research, such changes were categorized 
into three robust change categories: function, capacity, and flow. These change categories were 
analyzed according to their applicability to the building construction industry as well as their 
relevance to this research. Through this analysis, these change categories were further divided 
into more specific subcategories that better represented the types of changes that commonly are 
experienced by buildings. The building systems and the change categories were then used to 
analyze the case studies used for this research. 
After establishing the relevance of these two dimensions of building system and change 
categories, the next stage of this research analyzed 46 case studies. The case studies consisted of 
renovation projects which are currently progressing or which have recently been completed 
within several different regions of the United States. Due to the availability of current projects 
within Massachusetts, a majority of the case studies are within the Boston area. The case studies 
were first analyzed to determine particular trends in usage class. Specific changes in usage, 
whether it is for the same or a new usage, were recorded. Through this analysis, a large trend 
towards office use was prominent. Upon determining the specific trends in usage class, 26 of the 
case studies were examined in more detail. Empirical data were obtained from these cases using 
the two dimensions of building system and change categories. Using this empirical data, critical 
aspects were determined for each building system, which influence each system's capability to 
accommodate the specific change criteria. 
Within the final stage, a design framework was developed, based upon the data, which identifies 
the critical attributes of each building system that influence the accommodation of specific 
categories of change. This framework can be used as a diagnostic tool by professionals to help 
them in their decisions on the feasibility of building renovation. This framework is also intended 
to serve as the foundation for a future tool that can be applied directly to the design and 
construction of new facilities. Ultimately, this framework is intended to provide designers, 
owners, and construction professionals with approaches to incorporate flexibility within the 
building's design while at the same time presenting the associated costs and benefits for doing 
SO. 
1.3 Thesis Organization 
Chapter 2 describes past research that has been performed on building reuse and renovation. It 
explains how significant work has been performed regarding determining the exogenous factors 
(e.g., location, social community issues, and building deterioration) that influence the decision on 
renovation feasibility. It concludes by stating how this research moves away from the exogenous 
factors and concentrates on the physical aspects within a building, namely the physical 
engineering systems that influence the reuse decision. 
Chapter 3 presents the design framework that was constructed using the relevant data obtained. 
Also within this chapter are the definitions for the building systems and the change categories. 
Chapter 4 explains the methodology that was used to perform this research. This chapter 
explores the collection of data, relevance of that data and the methods that were used to analyze 
and compile that data. 
Chapter 5 provides the results of the analyses. This chapter specifies the relevance of these 
results and their applicability to the building construction industry, and building renovation and 
reuse. 
In Chapter 6, the results of the proposed research are summarized and possible future research 
stemming from this research is proposed and suggested. 
2 Background Literature on Building Renovation and Reuse 
2.1 Buildings as an Asset 
The adaptive reuse of older buildings is a growing trend, not only in retail, but also for private 
companies, schools, government agencies and health care providers. "Renovation and 
rehabilitation of older buildings offer viable, cost effective solutions to clients needs and at the 
same time preserves parts of our past" (Poskanzer, 1997, pg. 60). These older buildings have 
gradually become very attractive due to the improving economy as well as the increased 
availability of federal and private financing programs. Within many urban areas, these factors, 
coupled with the growing economics of renovation, are causing older buildings as well as new 
buildings to be identified and viewed as valuable assets (Lee and Aktan, 1997). Many owners, 
developers, and others are beginning to recognize that these structures can help promote the 
future growth and prosperity of metropolitan areas, and therefore are wor lng  towards 
maintaining and reusing them. 
As an asset, a building must be evaluated on the basis of a defined need and its ability to meet 
that need as well as potential future needs. As explained by Kevin Stewart (1997), three 
potential extensions can be applied to this statement: "1) while potential needs may not change, 
the ability of the building to meet that need is diminished; 2) while the ability of the building has 
not necessarily changed the needs or requirements for the building have changed; and 3) given 
that the needs have changed as well as the ability of the building to meet those changes has 
diminished, the building must be reevaluated." There are three possible outcomes to this 
dilemma: 1) the building can be disposed of or sold at salvage value; 2) the building can be fixed 
up or renovated to meet the new need; and 3) nothing could be done. 
In order to explain this train of thought one can think of an automobile (Stewart, 1997). Most 
automobiles are bought with the thought that they would last for a finite period of time and 
provide a variety of services over that time. However, often before that particular time is 
reached, three scenarios may have occurred with the car: 1) the car may be too old and broken 
down to meet the owner's needs; 2) although the car is capable to meet the needs, the owner has 
changed his or her needs; or 3) the owner's needs have changed and the car is too old and broken 
down to meet those new needs. For each of these scenarios the owner has three possible 
solutions. The owner can decide to keep the car and fix it so that it meets his or her needs, sell or 
destroy the car and buy a new car that meets the needs, or sell or destroy the car and use some 
other form of transportation. In this analogy, the car is the asset in question. However, the same 
train of thought is applicable to buildings and therefore similar emphasis and attention to 
maintenance practices and reusability can be applied to building design and construction. 
2.2 Planning and Design for Assessing the Feasibility of Building Renovation 
and Reuse 
The view of buildings as assets has led to an increased interest in sustaining building market 
values and thus in building maintenance and reuse. This increased interest has sparked several 
research projects on building maintenance and renovation over the past two decades. Many of 
these projects have concentrated on determining the important characteristics which influence 
the feasibility of building renovation and reuse, as well as those characteristics which help 
prolong a building's useful service life. The basis for a majority of these studies concentrates 
around factors such as building location, building age, building appearance, and site condition 
assessment, all of which will be referred from this point on as exogenous factors. 
2.2.1 Urban Planning 
One of the more important exogenous factors that have been considered for building renovation 
feasibility entails the urban planning of a building (Poskanzer, 1996-97). While urban planning 
is generally a very broad area within building construction, for the purpose of building 
renovation and reuse it has commonly been broken down into two main categories: building 
location and social and community issues. Both of these categories have been examined over the 
past couple of decades and their relevance to building renovation and reuse as well as new 
construction has been proven to be important. 
2.2.1.1 Location 
Building location has been determined as one of the more critical factors which influence the 
feasibility of building renovation and reuse as well as new construction. The location of a 
building has been shown to strongly influence the choice of new use for that building (Niskala, 
1982). Often the particular location or neighborhood that an existing building is in can help 
expedite necessary approvals and dissuade any local opposition because of this view. Such 
buildings are often perceived as neighbors that are going through hard times, and the adaptive 
reuse of them is perceived as the building's as well as the neighborhood's savoir (Poskanzer, 
1996-97). Furthermore, certain locations of existing buildings that are vacant can often lead to 
reasonable prices and thus offer the greatest real estate appreciation. 
Several aspects of a building's location have been considered to be important in determining the 
feasibility of renovating a building, such as the building's accessibility to public infrastructure, 
appearance of the surrounding buildings, and atmosphere within the surrounding neighborhood 
(Lion, 1982; Gann and Barlow, 1996; Niskala, 1982; Stewart, 1997). Each of these studies 
concluded that a building's location and proximity to the previously mentioned amenities is 
critical in determining the overall feasibility of renovating and reusing a particular building. 
They also stressed that in order to examine this factor, accurate site investigations and surveys 
should be conducted and examined. 
2.2.1.2 Social and Community Issues 
The social and community issues which building renovation and reuse often encounter are 
another important factor that must be considered prior to making the decision to renovate 
(Poskanzer, 1996-97; Lion, 1982; Niskala, 1982; "Buildings", 1996). Such factors are critical to 
the 19 standards that the ASTM developed for determining the functionality of office buildings 
("Building", 1996). It is important that the renovation of a building for the same or new usage 
class is compatible with the functional and architectural objectives of the local community in 
which it is located. Such community and social acceptance is a critical issue in insuring that 
such a project runs smoothly. A large proportion of these studies have shown that the renovation 
of an existing structure often displays a reinvestment into the community, and thus has the 
potential to stimulate neighborhood pride and further development (Marsh, 1983; Poskanzer, 
1996-97; Niskala, 1982; Iselin and Lemer, ed., 1993). Renovation has also been found to 
preserve the past while promoting future economic growth within such communities. 
Furthermore, building renovation has proved to be a major form of environmental improvement, 
as it replaces the "tear down and rebuild7' attitudes of the past with an attitude for recycling 
(Poskanzer, 1996-97). 
2.2.2 Building Age and Appearance 
Recent research has determined that a building's age and its overall appearance also contribute to 
the decision making process for reuse (Poskanzer, 1996-97; Gann and Barlow, 1996; Lee and 
Aktan, 1997). The practical and aesthetic consideration of the finished building should balance 
the functional and economic aspects of new use with the conflicting aesthetics of the original 
building (Poskanzer, 1996-97). Such factors have been used to categorize buildings in effort to 
determine their feasibility for potential reuse (Gann and Barlow, 1996). Building age has also 
been used as a determining factor within frameworks for determining and examining levels of 
building deterioration (Lee and Aktan, 1997). Through such studies, it was concluded that 
building deterioration is in fact strongly correlated to building age as well as other factors. 
2.2.3 Building Deterioration 
The issue of building deterioration and its effects on the overall feasibility associated with 
building renovation and reuse had become the basis for several research programs. Most of this 
research has focused on the different construction materials and building systems that were used 
to complete a facility. 
2.2.3.1 Construction Materials 
The materials used to construct a facility (e.g., structural material and cladding type) and the 
level of deterioration which they have experienced or are intended to experience over time is one 
of the main factors of recent deterioration analyses (Poskanzer, 1996-97; Lion, 1982; Lee and 
Aktan, 1997). Before determining to renovate an existing structure, it is important to perform a 
critical assessment of the building, including an investigation of the different building materials 
used to comprise the structural system, the exterior enclosure (especially the roofing), and the 
services systems (Poskanzer, 1996-97). Certain aspects of a building, such as windows 
(deteriorated, visually objectionable, energy inefficient), insulation (deteriorated, may not 
conform to modem standards), structural stability (damage deterioration of structural materials), 
and services (deterioration, leaks) should all be investigated and assessed (Lion, 1982). 
Additional research has developed a set of models that specifically help describe building 
deterioration. The models, which have been developed, consist of a set of parameters (Building 
Age, Building Materials, Occupancy Class, Cladding Type, and Building Maintenance) coupled 
with a set of deterioration scales (No Deterioration - Slight Deterioration - Moderate 
Deterioration - Severe Deterioration) (Lee and Aktan, 1997). These models thus provide a 
platform for investors and developers to access information on the building stock. By 
determining the amount of material deterioration and its relevant possibility of failure, one can 
predict the feasibility of renovating a building as well as determine the extent to which repairs 
must be made aside from any alterations. 
2.2.3.2 Building Systems 
In order to examine and determine the amount or levels of deterioration that a building may 
possess, most of the past research has divided a building into more defined components or 
building systems. The deterioration within these systems are then measured and used to 
determine the feasibility and potential for future reuse or renovation of the building or of 
particular parts or systems within the building. 
For instance, in a recent study on the conversion of low class office buildings for reuse as badly 
needed residential flats, a list of factors was developed for measuring the ease of conversion 
(Gann and Barlow, 1996). These factors included the following systems: Building Structure 
(type of materialdframing used), Building Envelope (type of rnaterials/siding used, size and 
number of windows) and Building Services (often the most expensive and tedious or labor 
intensive aspect of building renovation/conversion). Other studies have also separated buildings 
into similar building systems (Lion, 1982). These building systems are: 
1. Structural system - Foundation and the Structural framing 
2. Enclosure System - exterior walls, exterior openings, exterior finishes, roofing and 
sheet metal, and weatherproofing and insulation 
3. Interior Finish System - interior partitions, interior openings, interior finishes (often 
governed by the installation, etc. of services) 
4. Services Systems - safety and security, comfort trades (heating, air conditioning, 
ventilation, plumbing, sprinklers, electric, vertical transportation. 
Similar studies have organized such building systems within a hierarchy that divides them into 
their individual components and even further into materials categories (Uzarslu and Burley, 
1997). This hierarchy was then used as a building tool for managing building assets. The 
materials categories recognize that components made of different materials can have different 
performance histories requiring different maintenance and rehabilitation actions and frequencies. 
An example of this hierarchy is shown below in Figure 2.1. 
Figure 2.1 -Building Hierarchy (Uzarski and Burley, 1997) 
COMPONENT c
CATEGORY 1 CATEGORY 1 
2.2.4 Building Obsolescence 
Building obsolescence has become a main concern and problem within the building construction 
industry. "Anecdotal evidence suggests that the problem with facility obsolescence is 
substantial" (Iselin and Lemer, ed., 1993). While the traditional "demolish and rebuild" theory 
has been the solution to this problem in the past, renovation and reuse has now become the 
primary solution for dealing with obsolescence. However, renovation and reuse of buildings 
does not always present the least complicated and least expensive solution to this problem. 
Therefore, several forms of research have attacked the issue of building obsolescence in efforts 
to determine how to either slow its onset or completely avoid it. The method that is proposed 
and presented within this research involves the incorporation of capabilities within buildings to 
accommodate future change. 
2.2.4.1 What is it? 
The standard dictionary definition for obsolescence is "a condition of being antiquated, old- 
fashioned, or out of date" (Lemer, 1996). An obsolete item is not necessarily broken, worn out 
or otherwise dysfunctional, although these conditions may underscore its obsolescence. In most 
cases, things that are obsolete continue to function but at levels below contemporary standards. 
Within building construction, obsolescence reflects the chmged expectations regarding the 
shelter, function, comfort, profitability, or other dimensions of performance that a facility is 
expected to provide (Iselin and Lemer, ed., 1993). Obsolescence often motivates the need to 
overhaul, renovate or sometimes demolish a facility that no longer provides satisfactory service. 
"Obsolescence is not a matter of design alone but must be considered within the context of a 
facility's entire lifecycle, from initial planning through operations and maintenance" (Iselin and 
Lemer, ed., 1993). 
2.2.4.2 Why does it occur? 
There are several factors that have been determined to cause obsolescence. A facility's initial 
capabilities (e.g., durability of materials and flexibility of mechanical equipment) and how it is 
maintained influence the likelihood or timing of the onset of obsolescence. Over time, the 
quality of service declines from its initial level as a facility exhibits the results of normal wear, 
poor craftsmanship or materials, unlikely events, aging or some combination of such factors. 
Although a facility or piece of equipment within that facility may function adequately in basic 
terms, because it is old, antiquated or out of date, its service is simply unacceptable to its owners 
and users, thus forcing it into obsolescence. 
While all of these factors have been attributed to the onset of building obsolescence, four main 
factors can cause obsolescence (Lemer, 1996; Iselin and Lemer, ed., 1993). 
1. Functional Factors - those that are related to the uses a building or spaces within the 
building are expected to serve, including regulatory changes that impose new 
requirements on facilities; 
2. Technological Factors -Technological changes that influence the scope or levels of 
service which a facility is expected to provide thus affecting the efficiency and 
service offered by the existing installed technology compared to new and improved 
alternatives; 
3. Economic Factors - Economic or social changes in the markets within a region that 
can substantially alter the demands placed on the facilities and thus affect the cost of 
continuing to use an existing building, subsystem or component compared with the 
expense of substituting some alternative; and 
4. Social, Legal, Politccal or Cultural Factors - The broad influence of social goals, 
political agendas, changing lifestyles (regulatory factors - ADA, etc.), and simply 
changes in values or behavior of the people that use or own the facilities can 
similarly alter the demands- however, these are more difficult to foresee. 
The impacts of obsolescence can result in lost efficiency, rising costs, reduced output and 
declining morale, thus promoting the importance for developing methods for preventing 
obsolescence or avoiding it entirely. 
2.2.4.3 Design Service Life vs. Physical Life of Buildings 
One of the main misconceptions within the building construction market and industry, and one of 
the main reasons why building obsolescence is commonly encountered at an unexpected early 
time, is the failure to distinguish between design service life and physical life. Design service 
life has been defined as the length of time that a building, subsystems or component is designed 
to provide at least an acceptable minimum level of shelter or service as defined by the owner (15- 
30 years) (Iselin and Lemer, ed., 1993). Physical life, on the other hand, is defined as the actual 
time that it takes for a building, subsystem or component to wear out or fail, or the time period 
after which a facility can no longer perform its function because increasing physical deterioration 
has rendered it useless (Iselin and Lemer, ed., 1993). Elements that reach the end of their 
physical life must be repaired, replaced, refitted or abandoned in order to function, while 
elements that have reached the end of their service life can continue to function and may or may 
not have to be replaced or refitted. 
2.2.4.4 How to AvoidfPrevent Obsolescence? 
The primary incentive to avoid obsolescence is the cost incurred when the effort is made to 
update a facility or when the user or owner loses operating efficiency owing to facility 
performance (Iselin and Lemer, ed., 1993). "Minimizing the impact of obsolescence - that is, 
minimizing its costs through actions in planning and programming; design; construction; 
operations; maintenance; and renewal; and retrofit or reuse - is accomplished by anticipating 
changes, accommodating changes or both" (Iselin and Lemer, ed., 1993). Facilities can be 
programmed, designed, and operated to be robust to be able to accommodate change without 
substantial loss of performance capability. Such facilities can improve their ability to forestall or 
avoid obsolescence by assuring that design guidelines and criteria are based on the latest 
available information and provide for future change in technology and practice. Facilities can 
also improve this ability by malung flexibility an explicit design goal and appropriately using 
design details or integrated building systems that enhance flexibility or adaptability. 
In order to attack the issue of premature building obsolescence, it has been determined that 
owners, designers, and constructors must institute actions in planning, programming, design, 
construction, operations, maintenance, and renewal, retrofit or reuse of a facility that minimize 
the impact of obsolescence by anticipating change or that accommodate changes that cause 
obsolescence before the costs of obsolescence become substantial. While it is nearly impossible 
to foresee changes that will occur over the service life of a facility, the thoughtful planning and 
programming of a facility can do much to avoid early obsolescence, both for new construction or 
substantial reconstruction, by striving to assure that a facility's design is "robust." Robust, in 
this usage, means that the facility is capable of accommodating change without substantial loss 
of performance capability (Iselin and Lemer, ed., 1993). 
Several attempts have already been made in the past towards devising methods in which building 
obsolescence can be controlled or avoided. For instance, Architect Richard Rodgers has made 
accommodation of changes a basic element of his design philosophy: "I believe that many 
architects misjudge the private needs of buildings. The rate of change in society - and you can 
pick the computer or whatever you want as a symbol - makes long-term prediction impossible 
and inflexible building unreasonable. A set of offices today might be an art gallery tomorrow. A 
perfume factory may switch to making electronics. What we can do - and this is the key to much 
of my work - is to design buildings that allow for change, so that they can extend their useful 
lives. . . ." (Iselin and Lemer, ed., 1993). He does so by separating the services from a building's 
useable space, making the services very accessible and organizing the building so that it does not 
have to close when the services are being renewed. 
2.2.5 Building Flexibility 
While the blame for defects within buildings is often placed on the materials and its 
obsolescence, too often it is actually the use or misuse of the material that is the cause. Typical 
engneering design faults within building construction include: 
1. The lack of full appreciation of structural stability and robustness, omission of tying, 
lateral restraints, etc; 
2. Lnadequate attention to structural joints and connections; 
3. The production of complex and practically unbuildable details; 
4. Inadequate supervision of construction; andlor 
5. The addition of insulation (or other environmental alterations) to the existing 
building without appreciation of the consequences (Smith and Moore, 1992). 
Meanwhile, the users of these buildings also make poor decisions that cause defects and 
problems within built facilities. Some common user faults include: 
1. Overloading of the building; 
2. Alterations without structural design checks; 
3. Lack of maintenance; andlor 
4. Lack of inspection (Smith and Moore, 1992). 
By incorporating flexibility within the initial designs of a building, the amount of incidents in 
which such faults occur could be decreased. 
2.2.5.1 What is it? 
Past research has defined flexibility as the ability to readily accommodate changed uses, more 
intense uses and new service systems (Iselin and Lemer, ed., 1993). For the purpose of this 
research, flexibility within buildings is defined as the interactions within and among building 
systems that influence the capacity of built facilities to accommodate change over the long term 
(Slaughter, 1997). This definition explicitly includes the nature of the building systems and the 
specification of the different types of changes that built facilities commonly experience over 
time. 
Within the building construction industry, "A flexible facility is one that in the ideal world, the 
operations could change overnight. A flexible facility is a building that understands the work 
environment is a work in progress, and it will always be a work in progress. It's designed to 
adapt and accommodate continuing changes" (Patterson, 1998, pg. 39). Experience shows that 
flexibility or adaptability to change, no matter how it is achieved, is a valuable characteristic that 
helps to delay or avoid obsolescence. 
2.2.5.2 Why is it important in today's construction market? 
In today's market place, most business environments encounter fast-paced technologically driven 
changes. In order to meet these changes and allow these businesses to function efficiently and 
prosperously, flexibility must be incorporated into all aspects of their business plan. This 
includes flexibility within the building that houses their offices and operations. "Today's tenants 
need what they need when they need it - Now. Downtime means money down the drain and 
today's businesses won't stand for it.. . When you talk flexible building, you just can't pinpoint 
it. You have to be in a position to make your building do whatever it can for your clients that are 
sitting in it. If that's one day an enclosed office space with plush carpeting and window offices, 
that's one thing; but on the next day, if you want to knock down those walls and you want to put 
partitioned offices out there so everyone can now enjoy the windows, you need to be able to do 
that" (Patterson, 1998, pg. 38, 41). In order to achieve this goal, flexibility should be made an 
explicit design goal for all building construction projects. 
2.2.6 Problems Associated with Building Renovation and Reuse 
A renovation project is often subject to a number of diverse constraints: physical, dimensional, 
design considerations, building codes and insurance requirements (Gann and Barlow, 1996). 
Through several research projects, the most common technical limits to building conversion have 
been determined. These limits are shown in Table 2.1 on the following page. 
Table 2.1 - Technical Limits to Conversion (Gann and Barlow, 1996) 
I Limit Area I Limiting Factor I 
Orientation 
Size 1 Total Floor Area 1 
Height 
D e ~ t h  of Building 
I Floor S h a ~ e  1 
1 Grids I 
1 Floor to Ceiling Height I 
I Structure I Penetration for Services I 
I Envelo~e I Claddine I 
I Services 1 Installation of Services to Individual Units 1 
Acoustic Separation Floors and Partitions 
Flanking Transmission 
Fire Protection I Means of E s c a ~ e  1 
I Access for Fire Brieade I 
Fire Detection and Alarms 
Preventing S ~ r e a d  of Flames 
While many professionals argue that these limits are unavoidable due to the econornic/financial 
burden that is commonly misconceived to be associated with avoiding them, past research has 
shown that it is in fact possible to design flexible buildings with respect to those limits. Several 
attempts have been made which involve specific building characteristics as well as methods of 
design that provide flexibility within a building so that it can accommodate future changes more 
easily and thus extend its useful life. For example, the provision of large column free areas give 
maximum flexibility in moving partitions, and 24 to 30 foot column spacing continue to provide 
such areas, without excessive increases in structural costs (Iselin and Lemer, ed., 1993). Another 
example is the segregation of services from user-occupied space. This reduces constraints on the 
user space, but more importantly facilitates modification and updating of services through the use 
of raised access flooring, interstitial ceiling space, floor to floor distances of 15-16 feet, or 
through clustering services together in bays, canyons, andlor central points (Patterson, 1998). 
Another method that has become common, especially within office buildings, is the concept of 
modularity (Kendall, 1994; Patterson, 1998). This concept, in which changeable, moveable and 
de-mountable enclosure and partitioning systems are used to define the layouts of the interiors of 
such buildings, increases the building's capabilities to change. Projects with considerable site 
constraints have incorporated the construction of extra structure, foundation and unfinished 
enclosed space to allow for future expansion and change. Although this method may increase the 
initial costs, it also offers substantial reductions in lifecycle costs associated with obsolescence 
and future renovation or reuse. 
Through incorporating such designs and methods within a built facility, the problems commonly 
associated with building renovation can be reduced or avoided all together. The research 
presented within this paper attempts to expand on these previous attempts, as it proposes a design 
framework that can be used to help determine the critical aspects within a building that allows 
buildings to accommodate future change and thus allows conversion to occur more easily. 
2.3 Relevance to this Research 
The thought process used for this research involved using past research on building renovation 
.. and reuse as a filter from which the research would flow. Therefore, the issues previously 
described regarding urban planning, building age, building appearance and deterioration are 
considered as inputs for this filter. From this filter, this research attacks the issues regarding 
building obsolescence. Rather than concentrate on the building as a whole, which past research 
programs have done, this research instead concentrates on the individual building systems and 
components that comprise a building. It attacks the issue of obsolescence through analysis of 
these systems and their inherent capabilities to accommodate necessary changes over time. 
Through these analyses, the research determined a set of critical attributes for each of the 
building systems which should be considered in order to increase the flexibility which a built 
facility possesses and thus allow the facility to adapt to changes over time. Furthermore, this 
research explores the different trends in usage class changes, as well as the interactions that exist 
between the different building systems as they undergo the required changes to meet these trends 
in usage change. 
The issue of urban planning largely relates to the changes in usage class, which are evident 
within a large majority of building renovation projects. A building's location has commonly 
been thought to restrict the type of usage class that a building might be used for, largely due to 
local zoning and building codes. However, oftentimes renovating a rundown facility and 
introducing a new usage for that dilapidated building could help revitalize a dying neighborhood. 
By incorporating dynamic building usages within these neighborhoods, new opportunities, 
demands and needs for usage shifts could be created. Through analyzing several case studies, 
this research shows that such shifts in usage class exist and that they can in fact impact 
neighborhoods and communities in positive ways. 
Past research has concentrated on building age and appearance at the broad scope, namely taking 
the entire building as a whole. However, it fails to investigate building age at a more detailed 
level, for instance within each of the building systems. The age and conditions of the individual 
systems that comprise a building are important factors for determining the levels of renovation 
required for malung reuse feasible. Therefore, this research concentrates on the individual 
building systems within a built facility and the changes which they endure over time. 
Past research has used a common breakdown of building systems within a building for analysis 
purposes (Figure 2.1). This breakdown hierarchy begins with the building as a whole, which 
breaks down to the main building systems, which break down to their individual components, 
which finally are broken into their different materials. Yet this ideal hierarchy which has used in 
the past fails to incorporate the interactions which may exist between the different systems and 
their components. Through the analyses performed, this research shows that such interactions do 
exist, and determines what they are and where they occur. 
While the factors previously described within this chapter are very important and certainly must 
be addressed when considering whether or not to pursue the renovation of an existing building, 
they do not fall within the bounds of this research. This research assumes that such exogenous 
factors have already been assessed, and instead concentrates on the physical aspects, or the 
"bones and guts", of a building which also determine the feasibility of renovation and 
rehabilitation. Furthermore, while this research can apply to nearly every type of building 
design, from small residential family housing to skyscrapers, it primarily concentrates at this 
stage on mid to low rise buildings. 
3 Presentation of the Design Framework 
3.1 Purpose of the Framework 
The intent behind creating a design framework was to develop a systematic means for owners, 
developers, designers, and constructors to assess the capacity of a built facility to accommodate 
specific types of changes over the long term. The first step taken to create this framework 
involved the development of a theory on how buildings are capable of accepting change and 
successfully adapting to that change. This theory incorporates the common breakdown of a 
building into its four main building systems: the structural system, the exterior enclosure system, 
the services system, and the interior finish system. In order to study these systems and determine 
how they respond to certain types of change that may occur over the lifetime of a building, a set 
of change criteria were developed. The four building systems and the set of change criteria were 
used as'two dimensions within which the sample of building renovation projects was examined. 
These dimensions were used to examine the case studies and gather empirical data regarding 
changes within the particular systems as well as shifts or changes in usage class. Based upon this 
theoretical approach and the empirical data obtained, the critical attributes which influence a 
building's capability to respond to the specific categories of change were determined for each of 
the building systems. These attributes were then organized within a matrix to serve as the 
framework. 
3.2 Definitions of Building Systems Analyzed 
For the purpose of this research, each building was divided into four primary building systems. 
These four systems are the structural system, the exterior enclosure system, the services system 
and the interior finish system. Each of these systems consists of particular components that 
ultimately work together to produce a sound building which fulfills its intended use and provides 
a comfortable environment. The structural system, as shown in Figure 3.1, consists of the 
foundation, the columns, the beams, the floors, and the soil beneath the building - essentially the 
components that make up both the substructure and superstructure of the building. The enclosure 
system, which is shown in Figure 3.2, includes the roof, the walls, the cladding and any 
openings, such as windows and doors. Figure 3.3 displays the services system which includes 
such building components as the heating system, cooling system, energy system, wateriplumbing 
system, sewer system, electrical system, telecommunication system, fire safety system and 
security system. The interior finish system includes the finished floors, walls, ceilings, doors, 
and windows as well as the acoustics within the interior of the building, as shown in Figure 3.4. 
Figure 3.1 - Structural System and Components 
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Figure 3.3 - Service System and Components 
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Figure 3.4 - Interior Finish System and Components 
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3.3 Definitions of Change Categories Used 
During the actual life of a built facility, several different types of changes can be expected to 
occur. Most changes are caused by the factors listed below in Table 3.1. 
Table 3.1 - Common Factors Which Cause Change in Buildings 
(Iselin and Lemer, ed., 1993). 
I Change Factors 1 
ntenance or abuse of s 
1 Aesthetic shifts 1 
While past research performed on building renovation and reuse has commonly classified such 
changes in the categories of function, economics, and technology, this research focuses on the 
physical systems and their capability to accommodate change rather than the causes of those 
changes. 
For the purpose of this research, these changes which built facilitieshuildings undergo, have 
been broken down into three main categories of change: function, capacity, and flow. Functions 
refer to the set of activities or components within a building which achieve a specific objective. 
They can be performed by the building itself (e.g., provide shelter) or with respect to human 
activities (e.g., transportation, manufacturing, and housing) (Slaughter, 1997). Capacity refers to 
the ability of a building, its systems, and their components, to meet certain performance 
requirements (Slaughter, 1997). Flow can be characterized as the building, its systems, and their 
components' interactions with the surrounding environment and its usage population. The flows 
can relate to climatic conditions (e.g., the circulation of air conditioning throughout a building) 
or to the movement of people andlor things (e.g., the movement of people from one floor to the 
next within a building) (Slaughter, 1997). 
Each of the three change categories was broken into specific subcategories for analysis purposes. 
Changes in function include three main categories: 1) the upgrade of existing functions; 2) the 
incorporation of new functions within existing facilities; and 3) the modification of existing 
facilities to accommodate different functions or usage. The upgrade of existing functions 
generally entails the modification a set of existing activities or components to allow them to 
continue to achieve the same objective. For example, replacing single paned wood framed 
windows with double paned metal framed windows still achieves the same function (i.e., 
providing light and air), but the new window has additional attributes which may offer different 
benefits (e.g., lower maintenance costs, decreased air infiltration, and improved energy 
efficiency) (Slaughter, 1997). Incorporating new functions, on the other hand, refers to the 
addition of an activity or component that achieves a new objective in addition to those which 
already exist (Slaughter, 1997). For example, adding a passenger elevator within a school 
building might introduce an objective that was not previously met. Meanwhile, the modification 
for a new usage refers to the modification of a building, its systems, andlor their components to 
meet a totally new set of objectives (Slaughter, 1997). This change category provides 
clarification of the set of expected functions with respect to predictability and also provides 
specificity with regards to the change requirements from one usage to another. 
Changes in capacity are separated into two categories: 1) The ability of a facility to meet certain 
performance criteria in loads or conditions, and 2) changes in the overall volume of the facility. 
Changes in loads and conditions can occur due to changes within the usage characteristics of a 
building, changes in the building codes, and changes in the surrounding environment (climatic 
and other) which effect the existing building. Changes in volume capacity generally refer to the 
provision or construction of additional useable space to allow the usage requirements of the 
building to be better met. 
Changes in flow can be categorized as either: 1) changes in the surrounding environment, or 2) 
changes in the passage, movement or arrangement of people or things within a building space. 
Environmental flow changes commonly entail changes in climatic conditions with respect to air, 
heat, light, humidity, and others. Changes in the flow of people and things simply entail the 
management of people and things within a building. 
All of the definitions for the change categories and subcategories are provided within Table 3.2 
on the following page. For each of the change categories listed in Table 3.2, a set of measures 
were determined and used when analyzing the building cases. These analysis measures are listed 
within Table 3.3. 
Table 3.2 - Definitions of Categories of Change 
sage class whether it remains the same or is new. 
MODIFICATION 
LOADS/CONDITIONS 
VOLUME 
conditions for a particular usage class. 
(e.g., Changes in seismic requirements) 
The incorporation of changes in overall building, or in system volume within 
a facility to meet the requirements of the particular usage class. 
(e.g., Add atriums or floors) 
- 
Within the three general change categories, the exogenous changes which a building might 
experience (e.g., economic, aesthetic) were delimited. By examining the degree to which each of 
the four building systems can accommodate these three changes, the overall building flexibility 
was measured. The empirical data obtained through the analysis of the 45 case studies indicate 
that the characteristics of the four main systems (i.e., structural, enclosure, services, and interior 
finish) of a building establish the degree to which the existing systems can accommodate 
flexibility for the building as a whole. The results of this analysis were then used to create the 
foundation for the lifecycle design framework. 
IN 
ENVIRONMENT 
PEOPLEITHINGS 
Relates to the interactions between a facility and the surrounding 
environment and its usage population. 
The incorporation of changes in the surrounding or internal environment 
within a building facility. 
(e.g., Enhancing of ventilation through mechanical systems, windows or both) 
The incorporation of changes in the passage, movement or organization of 
people and objects within or around a building's space. 
(e.g., The installation of a new internal stairway) 
Table 3.3 - Analysis Measures used for each Change Subcategory 
3.4 Design Framework 
Using data collected from actual renovation projects, the framework presented in Table 3.5 was 
empirically derived. This framework can be used as a diagnostic tool to assess the capacity of a 
building to accommodate specific changes in requirements. The framework is a matrix with two 
dimensions, the four main building systems on the horizontal axis and the change categories on 
the vertical axis. These change categories were mapped for each of the four building systems. 
Using this mapping, and analyzing 26 detailed building renovation case studies, empirical data 
was gathered for developing the framework. The body of this framework consisting of the cells 
within it, displaying the empirically derived attributes within each building system that are 
critical for accommodating each of the respective change subcategories. All of these attributes 
were determined to be critical for allowing the particular changes to occur within the building for 
the renovation projects examined. By incorporating them into the framework, it is intended to 
provide designers, owners, and constructors with a starting point to consider prior to designing 
and building. 
3.4.1 Mapping of the Change Categories to the Building Systems 
The mapping of the change categories and subcategories to the four different building systems 
was critical for determining the relevance of this design framework. Therefore, it was important 
to ensure that the changes do in fact map with the building systems in a realistic and clear way. 
The mapping for each of the four building systems is explained in Table 3.4. 
Table 3.4 -Building Systems vs. Change Categories Matrix: Definitions of each Change for 
the Respective Building Systems 
3.4.1.1 The Structural System 
All three of the main change categories and their respective subcategories map to the structural 
system of a building. The upgrade of existing functions within a building's structural system is 
simply the requirement of a higher functionality of the existing function. For instance, a change 
in building codes for higher load capacities due to certain equipment would require the upgrade 
of the current structural system to meet the loads (Figure 3.5). The incorporation of new 
functions within the structura1 system of a building could entail the addition of new structural 
members to accomplish new objectives, such as seismic dampers (Figure 3.6). The modification 
of the structural system for a different building usage, on the other hand, entails the reworking or 
upgrade of the existing building as well as the incorporation of any new structural members or 
functions that are required to meet the new building usage (Figure 3.7). While such changes 
could fit within the first two change subcategories defined, it was considered that all changes 
required to meet an overall change in building usage should be kept together for research 
purposes. This allows specificity to be made with regards to the change requirements from one 
usage to another and hence enhances the clarification of the set of expected functions that result 
from such changes in building usage. 
Figure 3.5 - Example for Upgrade of Egsting Functions for the Structural System: 
Wrapping of Structural Columns 
Figure 3.6 - Example for Incorporating New Functions for the Structural System: 
Installation of Seismic Dampers 
Existing Components: 
New Components: 
seismic Dampers ~nstal'led 
Figure 3.7 -Example for Modification for New Usage for the Structural System: 
Construction5ncision of Atrium within Building 
With regards to changes in capacity, changes in loads and conditions within a structural system 
refer to any changes which are required due to a change within the loads or structural conditions 
which a building may experience (Figure 3.8). Changes in volume refer to changes in the 
volume of the structural system (e.g., the addition of extra floors), as well as changes that result 
in the building's volume due to modifications or upgrades of the existing building structure (e.g., 
the incision of large shaft openings in the floor slabs of a building effect the overall volume of 
the building) (Figure 3.9). 
Figure 3.8 - Changes in LoadsIConditions for the Structural System 
Additional Loads 
Figure 3.9 - Examples for Changes in Volume for the Structural System: Construction of 
an Addition and an Atrium 
Addition to Building 
Incision of Atriu 
Changes in environmental flow, with regards to the structural system, generally refer to changes 
caused by site constraints or other building issues. While such changes in environmental flow 
are not prevalent for structural systems, changes in the flow of people and things are. Such 
changes in flow can be separated into two main categories: vertical flow, and horizontal flow. 
Changes in vertical flow involve issues regarding maintaining the stability and continuity of the 
structural floors while changing the flow of people and things (e.g., construction of utility shafts, 
new stairwells, and elevator shafts). Horizontal flow involves issues regarding the particular 
type of structural system (e.g., a masonry bearing wall system makes it hard to construct new 
openings such as doorways to change the flow within a building). 
3.4.1.2 The Exterior Enclosure System 
All three of the main change categories and their respective subcategories map to the exterior 
enclosure system of a building. The upgrade of the exterior enclosure refers to upgrade of the 
existing building f a ~ a d e  including repair, washing and replacement of the walls, windows, doors, 
or the roof to meet the requirements of a higher function (Figure 3.10). The incorporation of a 
new function pertains to the addition of a new exterior or parts thereof, which continue to fulfill 
existing objectives while at the same time introducing a new functional objective. For example 
replacing existing fixed windows with operable windows still allows light to infiltrate the 
building but also provides a new mechanism for ventilation and the provision of outside air into 
the worlung space (Figure 3.11). The modification of an exterior entails any reworking of the 
exterior and its components to meet the requirements of a new building usage. For example, the 
reworlung of a warehouse or manufacturing building with small windows to an office building 
with large open windows (e.g., 270 Albany Street, Cambridge, Massachusetts, see Appendix B) 
(Figure. 3.12). 
Figure 3.10 - Example of Upgrade of Existing Functions for the Exterior Enclosure System 
Figure 3.11 - Example of Incorporating New Functions for the Exterior Enclosure System: 
Replacement of Fixed Window with an Operable Window 
Figure 3.12 - Example of Modification for a New Usage for the Exterior Enclosure System: 
Change in Window Size from Warehouse Use to meet Office Use 
Warehouse Office 
Changes in capacity with respect to loads and conditions for the exterior enclosure system 
generally entails two main issues. The first incorporates the conditions of the exterior. The 
condition of the exterior refers to any deterioration, pitting, or other damage that might affect the 
overall stability or the appearance of the exterior enclosure. The conditions of the exterior 
generally result in changes in the loads which the exterior either supports or places on the 
building as the exterior requires modification and/or replacement of parts or all of the exterior 
systems to repair them. For example the replacement of an existing precast concrete panel 
exterior used for a manufacturing building with a new precast concrete paneled and glass curtain 
wall system to meet an office usage class (Figure 3.13). A change in volume capacity of the 
exterior enclosure system simply refers to a change in the overall volume of the exterior. For 
example, the addition of a new floor on top of a building or a new entrance lobby to the front of a 
building entails an increase in the volume of exterior to enclose it. 
Figure 3.13 - Example of Changes in Loads and Conditions for the Exterior Enclosure 
System: Manufacturing to Office Building 
Manufacturing Office 
A change in environmental flow with respect to the exterior enclosure refers to a change to the 
exterior enclosure, which alters the climatic conditions within a building. For instance, the 
replacement of fixed windows with operable windows allow~s the ventilation of air inside and the 
infiltration of air from outside a building (Figure 3.1 1). Similarly, a change in the flow of people 
and things entails a change to the exterior enclosure system that modifies the flow of people 
and/or things into and within a building. For example, the construction of a second entrance to a 
building which did not previously have one (e.g., 28 State Street, Boston, Massachusetts, see 
Appendix B). 
3.4.1.3 The Services System 
All three of the main change categories and their respective subcategories map to the services 
system of a building. The upgrade of existing functions within the services system entails the 
repair, reuse, and or replacement of existing services that have become obsolete for the particular 
objectives, which they fulfill. For example, old rotary teIephones are replaced by touch tone 
telephones which are then replaced by wireless telephones. The incorporation of new functions 
with respect to the services system entails the addition of a new service within a building which 
originally was not required to meet the buildings usage but has since become necessary, for 
instance, the incorporation of a passenger elevator within an office or academic building to meet 
the Americans with Disabilities Act regulations. The modification of the services systems to 
meet a new building usage entails the repair and upgrade of existing services as well as the 
addition of new services within a building to meet the new usage. It is considered that such 
repair, upgrade and additions to the services system would not have taken place had the 
building's usage not changed. For example, when a manufacturing building is renovated to meet 
usage as a residential building, the existing electrical, plumbing and sprinkler systems must be 
upgraded andlor replaced, and a new HVAC system must be installed (e.g., Worthington Place, 
Cambridge, Massachusetts, see Appendix B). 
Changes in capacity for the services system differ slightly from those within the other building 
systems. Changes in loads and conditions entail changes in the power, size, and amount of 
distribution means for the various service equipment and systems, such as enhancing an old 
telephone wire network to a larger fiber optic cable network. Changes in volume also entail 
changes in the size and distribution of the service systems within a building. For example, an 
increase in the amount of available outlets for computer and electrical equipment within an office 
building to meet required usage needs. 
Changes in flow within the services system are interesting. Changes in environmental flow entail 
changes within the services system, such as the repair or upgrade of existing services andfor the 
addition of new services, which change the overall climatic conditions within and around a 
building (e.g., the incorporation of a new HVAC system within an office building). Changes in 
the flow of people and things, on the other hand, refer to changes in the services system, which 
modify the flow of people and things within and around a building. For example, the 
incorporation of a new passenger elevator within a building enhances the flow of people and 
things from on floor to the others. 
3.4.1.4 The Interior Finish System 
All three of the main change categories and their respective subcategories also map to the interior 
finish system of a building. The upgrade of existing functions within the interior finish system 
entails any repair, replacement, and reuse of the existing finishwork within a building (e.g., the 
rebuilding, replastering, and repainting of existing interior walls to form private rooms or the 
replacement of existing flooring or rugs with new materials). The incorporation of new functions 
entails changes to the interior finish such as the modification of an open office building plan to a 
more private enclosed office plan through the construction of new interior rooms and partitions. 
The modification of the interior finish system entails any repair, reuse, or reworlung of the 
existing finishwork as well as the addition of new finishwork to meet the requirements of a new 
building usage (e.g., the adaptation of an open manufacturing space into numerous private 
apartment complexes, such as at Worthington Place, Cambridge, Massachusetts, see Appendix 
B). 
Changes in capacity for the interior finish system resembled those defined for the structural and 
exterior enclosure systems. Changes in loads and conditions refer to any changes in the 
conditions of the existing interior walls, and other finish component and the respective changes 
in the loads which they might support and cany (e.g., changing flooring material to better take 
increased foot traffic within a building). Changes in volume entail changes to the interior finish 
system, which result in changes to the overall volume of the building. For example, the 
construction of new utility shaft areas, mechanical rooms, conference rooms, and private offices 
within the center of an office building, where none previously existed, changes the overall useful 
space for remaining office space and requires changes in the interior finish system. 
Changes in flow are particularly interesting with regards to the interior finish system. Changes in 
environmental flow entail changes to the interior finish system, which effect the overall climatic 
conditions within a building such as the flow of air and light into and within a building. For 
instance, the modification of an open floor plan to a maze of private apartments changes the 
environmental flow within a building. Such a modification also effects the flow of people and 
things within a building. Changes in the flow of people and things with respect to the interior 
finish system entails similar changes to the finish system which modifies or adjusts the flow of 
people and things into, within, and around a building. 
3.4.2 The Framework 
The framework which is presented in Table 3.5 serves as a diagnostic tool for assessing the 
capacity of a building's four main systems to accommodate specific categories of change 
overtime. The framework displays the empirically derived attributes within each of the building 
systems that are critical for accommodating each of the respective change subcategories listed. 
This empirical data was obtained through detailed analyses performed on 26 case studies 
involving buildings that experienced extensive or emergency renovations. Through these 
analyses, the critical attributes, which require consideration before, during and after renovation 
of the building in question occurred, were determined and recorded. These attributes were then 
organized together and placed within the respective cells of the matrix shown in Table 3.5. 
This framework functions as a starting point, which owners, designers, and constructors can refer 
to prior to proceeding with a renovation project. By using this framework as a reference, these 
professionals will be able to identify and therefore consider the necessary attributes which have 
been shown to influence renovation and its overall feasibility in past renovation projects. 
Each of the attributes listed within the matrix possesses different yet similar definitions, 
depending on the building system that they apply to. For most of these attributes, the initially 
designed characteristics of the building system and the current and future conditions for which 
the system must operate must be compared and analyzed to predict the level of renovation 
required and thus the feasibility of pursuing that renovation. For example, when upgrading 
existing functions within the structural system of a building, it is important to consider the load 
capacity of the building's structure. This entails not only looking at what loads and conditions 
that the building must support in the future, but also entails an in-depth analysis of the loads and 
conditions which the building was originally designed to meet, as well as the loads and 
conditions which it currently carries. All of the definitions for these attributes are shown within 
Appendix C. 
While this framework displays the attributes within each building system which are critical for 
allowing a building to accommodate each of the respective change categories over time, it does 
not display the interesting links which appeared to exist among the building systems as well as 
the change categories. While examining the building renovation project case studies, several 
interactions and linkages appeared to exist amongst the different building systems and the 
respective change subcategories. These linkages are listed with the attribute definitions found in 
Appendix C, and are further discussed in Chapter 5 of this thesis. 
Table 3.5 - Summary Table of Systems by Change Category, Where Each Cell Displays a 
Specification of the Particular System Characteristic that is Critical to Accommodating the 
Respective Change Subcategory. 
SYSTEM TYPE 
ERFORMANCE PERFORMANCE 
REQUIREMENTS 
REQUIREMENTS 
ERFORMANCE 
REQUIREMENTS ILDJNG CODES 
SPATIAL DIMENSIONS PERFORMANCE REQUIREMENTS 
SYSTEM TYPES 
PERFORMANCE SYSTEM TYPES PERFORMANCE REQUIREMENTS 
PERFORMANCE 
REQUIREMENTS SPATIAL DIMENSIONS 
PERFORMANCE 
REQUIREMENTS 
PERFORMANCE 
REQUIREMENTS 
BUILDmlG CODES 
REQUIREMENTS 
PERFORMANCE 
REQUIREMENTS 
4 Methodology 
4.1 Sources of Data 
The objective of researching building renovation projects was to develop a design framework 
that could be used as a diagnostic tool to assess the capacity of an existing building to 
accommodate change and to incorporate flexibility within building design and construction. The 
main objective behind the data collection that was performed for this research was to develop 
theory with respect to empirical evidence. The development of this theory and the construction 
of the design framework required that information regarding construction and design practices, 
methods and materials be collected, analyzed and incorporated within the framework. 
4.1.1 Data Collection 
The data collection method that was used for this research consisted of two main steps. First, a 
literature review was conducted on the building construction industry, primarily concentrating on 
building renovation and reuse. Through this literature review, a comprehensive set of general 
case studies were found. Second, the research examined a select group of these case studies in 
detail to test the theories presented in the previous chapters of this thesis, and obtain the 
empirical data necessary to construct the design framework. This step also entailed site 
observations, and interviews with professionals directly involved in building renovation and 
reuse. 
The literature review performed for this research involved the examination of engineering and 
construction reference books, journal articles, and newspaper articles. Through this literature 
research, a general list of 45 case studies was obtained for the purpose of this research. These 
case studies primarily consisted of current ongoing or recently completed construction projects 
within the Boston metropolitan area and several other regons throughout the United States and 
Canada that involved significant renovation or rehabilitation of occupied buildings. These 
construction and/or renovation projects excluded small interior finish renewal projects, and 
focused particularly on modification of at least two systems (structure, exterior enclosure, 
services, or interior finish), or complex reworking of one specific system, and often conversion 
to a new usage category. 
4.1.1.1 General Cases (45 buildings) 
The examination of journal articles and newspaper articles resulted in the compilation of a set of 
45 different projects. All of the projects studied are located within North America (43 within the 
United States, 1 within Canada) with the exception of one that is located in Germany. Out of 
these projects, 42 projects involved the renovation of a building for the same usage or a new 
usage and three projects involved the construction of new buildings. Out of the case studies used 
for this research, 21 projects are located in the state of Massachusetts, with 16 of them within the 
Boston metropolitan area (including Boston, Cambridge, Charlestown and Watertown). 
The three new construction projects included within this research were: Abbott Laboratories in 
Las Colinas, Texas; Toyota Motor Corp. Parts Center in Ontario, California; and the U.S. 
Federal Courthouse in Phoenix, Anzona (Appendix A for information on these buildings). 
While these projects are not renovation projects, they were included within this research because 
they are prime examples of design and construction projects that incorporate future changes. 
Abbott Laboratories was designed as a mix use facility which would allow the company the 
flexibility to quickly change the facility from office to manufacturing space over the first couple 
of years or the building's entire lifecycle. Toyota's warehouse building was designed and 
constructed to include amenities that would lower costs for maintenance, operations and 
insurance, and hence save the company money in the long run. The U.S. Federal Courthouse, on 
the other hand, incorporated a unique passive cooling system, which over the lifecycle of the 
building will result in energy cost savings. 
Information was collected for each of the case studies researched using the data collection forms 
that are presented in Appendices A and B. This project data form was used once for each 
renovation project researched. It contains the basic project data, such as the project name, 
location, owner, contractor and architect names, start and completion dates (where available), 
past and future building usage class, past and future building systems within the building, and 
any special concerns which the project might have entailed (e.g., historic preservation or 
incorporation of flexibility within the design to meet future building facility needs). The 
complete listing of these general case studies, their location, and the reference from which they 
were obtained are shown in Table 4.1 on the following pages. 
Table 4.1 - List of General Building Case Studies Used 
wa State University 
Table 4.1 (Cont.): List of General Building Case Studies Used 
Historical renovation marries state-of-the art 
Table 4.1 (Cont.): List of General Building Case Studies Used 
5 State Street* 
I * Note: Cases which were studied in more detail 1 
4.1.1.2 Detailed Cases (26 buildings) 
Out of the 45 general case studies, 26 cases were examined further in more detail. This set of 
detailed case studies and their locations are represented in Table 4.2. The buildings associated 
with these cases were each examined in detail with regards to the project data sheets described in 
Section 4.1.1.1. Their particular usage class, their building systems, and any changes that were 
experienced through their renovation were determined. For each case study, the building's past 
and future usage class was detennined. The past building systems (e.g. the type of structural 
system in the building, such as concrete, steel framed, or masonry) and the changes that were 
made to them to allow the building to meet its renovated use were also identified. Along with 
this information, any special concerns regarding the building and its renovation, including the 
acknowledgement and incorporation of expected changes, were explored. 
Table 4.2 - List of Detailed Case Studies Used 
# PROJECT NAME I LOCATION 
3 ( ~ u ~ l d i n g  N42, MIT (cambridge, MA I 
1 
2 
270 Albany Street 
Building 16, MIT 
4 
5 
8 1 ~ l o b e  Department Store ( ~ a u k e g a n ,  IL
Cambridge, MA 
Cambridge, MA 
- 
6 
7 
(9  rand Central Statlon ( ~ e w  York, NY I 
Building314 
Citicorp Tower 
I 
10 11owa State University Office I ~ m e s ,  Iowa I 
Indianapolis, IN 
Manhattan, NY 
DEC Headquarters 
Federal Office Building 
11 1 IK.  Wavne Smith Build~ng: l ~ u b l i n ,  OH 1 
Maynard, MA 
Norfolk, VA 
I - I 
12 l~afayette Corporate Center ( ~ o s t o n ,  MA 
15 170.5 Mount Auburn Street /cambridge, MA 
13 
14 
116 l ~ e w  York Life Building l ~ a n s a s  City, MO I 
1 - I 
17 l~h i lade l~h ia  N val Base I~hi ladel~hia ,  PA 
Liberty Tree Building 
Mount Auburn Hospital 
118 l~olaroid Building !cambridge, MA I 
Boston, MA 
Cambrid~e, MA 
I I - 
19 l ~ u s h  - St. Luke's Medical \chicago, IL 
22 (standard Life Tower (calgary, Alberta 
- 
o 
21 
123 I28 State Street I~os ton ,  MA I 
I 
24 1255 State Street I~oston,  MA 
Sage Hall 
266 Second Avenue 
Ithaca, NY 
Waltham, MA 
N o t e  the referencesfrom which these cases were obtained are shown in Table 4.1 
- - 
25 
26 
All of this information was then organized according to the change categories defined within 
Chapter 3. The purpose of this analysis was to identify trends, links, and interactions between 
Union Station 
.Worthinaton Place 
and among the four building systems and the change categories. These organized matrices, with 
Seattle, WA 
Cambridge, MA 
the building systems on the horizontal axis and the change categories on the vertical axis, were 
created for each of the 26 detailed case studies and can be found within Appendix B. The trends, 
links, and interactions are presented in Chapter 5.  
4.2 Relevance of Data Collection 
To ensure that the framework accurately represents issues within the construction industry and is 
as representative as possible, data was obtained from case studies and then validated through 
interviews with professionals within the construction industry. The determination of the case 
studies used to provide this data, as well as the determination of the list of professionals who 
verified it, was made based on several different factors which are outlined within this section. 
4.2.1 Determination of Site Cases Used 
The site cases for this research were chosen based on the availability of information. This 
availability stems from two main factors. First, this research concentrated on renovation projects 
which involved substantial reworking of several of the four building systems, or the difficult and 
risky reworhng of one of the building systems (e.g., the Citicorp Building project or the Federal 
Office Building project; see Appendix B). Such projects have been recognized either nationally 
or locally through journal, magazine, or newspaper articles due to the level of renovation 
required, the risk undertaken, or the success/failure that was experienced, and therefore 
information regarding them was readily available. Second, approximately 47% of the general 
case studies (21 out of the 45 projects) and 50% of the detailed case studies (13 out of the 26 
projects) are located within the state of Massachusetts, with a large concentration within the 
areas in and around the city of Boston. These cases provided an easy source for information 
through local articles as well as through personal interviews and site visits. 
4.2.2 Selection of Professional Contacts 
Despite numerous site visits and article references, some of the required data on the projects 
researched was incomplete or required validation. For the purpose of filling in these voids and 
validating the results that were obtained through the analyses on the general and detailed case 
studies and analysis, a set of professionals within the building construction industry was 
interviewed (Table 4.3). 
Table 4.3 - List of Professional Contacts 
This list consists of professionals within architecture firms, general contracting / construction 
management firms, development firms and owners primarily from the Boston metropolitan area, 
but also including three professionals from elsewhere in the United States. The professionals on 
the list were chosen due to their individua1 experiences with the detailed case studies used within 
this research and/or their experiences with building renovation and reuse within the building 
construction industry. These professionals were used as contacts to determine the accuracy and 
relevance of the data that was obtained from other sources and organized within the framework 
that is presented in this report. These contacts were also used to see if and how the framework 
might differ within different geographic regions. 
4.3 Validity, Reliability, and Representativeness of Data 
The main goal of this research is not to prove a hypothesis, but instead is to develop a theory 
regarding the incorporation of change within building design. This is an area of research that has 
been discussed before; however this discussion has never been followed up with actual data 
collection before. The purpose of this research is to provide a diagnostic tool which can be used 
by owners, developers and designers to determine what factors should be considered prior to 
renovation or design work, as well as a foundation from which future research can be performed. 
4.3.1 Validity and Reliability of the Data 
The research approach which was used for collecting data provided an effective means for 
addressing the issues of validity and reliability of construction and renovation processes used to 
develop the design framework as a reasonably good approximation of reality. Empirical data 
was collected from three main sources: literature, site visits, and interviews. This data was then 
used to develop a design framework, which was incorporated into a design packet. This packet 
was sent to several professionals within the construction industry for their review. Follow-up 
interviews with these professionals on the packet reinforced the validity of the data collected. 
These reviews allowed the framework, and the data that was used to develop it, to be cross- 
checked and tested to ensure that it represented reality as accurately as possible. Through each 
of these measures, the empirically gathered information, and therefore the design framework, can 
be considered valid and reliable within the context of renovated buildings. 
4.3.2 Representativeness of the Data 
While the data collected in this research were valid and reliable, it was also important that it be 
representative as well. Therefore, three main factors were used to insure the representativeness 
of the data that was used for this research: Location, the Type of Design/Construction Company, 
and Building Type. The case studies that were used, and hence the data that was obtained, 
involved predominantly Massachusetts based projects. However, the sample of case studies does 
include several other projects that are located within other geographic regions of the United 
States (e.g., central U.S.). This geographic diversity was used to ensure that the data which was 
collected was representative of building construction throughout much of the U.S. and was not 
restricted solely to construction within the state of Massachusetts. 
This emphasis on geographic diversity was also included within the selection of the professional 
contacts that were used to validate the data. While most of the interviewed professionals are 
located within Massachusetts, they also have experience with building construction and 
renovation projects in several different regions of the U.S. They also present diversity in the 
type of firm which the represent, since the firm types include architecture firms, general 
contracting / construction management firms, and development firms as well as owners. By 
using such a diverse list of professional contacts to review the data that was obtained, the 
representativeness of the data was evaluated and found to be adequate. 
The third factor that was used to ensure the representativeness of the data was the type of 
building projects that were used. Although the majority of the projects are offices, the sample as 
a whole provided examples of several different building types. These buildings include light 
manufacturing, industrial, warehouse, institutional, retail, research and development, residential 
and office usage. The high proportion of office buildings that were included within the research 
sample can be attributed largely to the amount of projects from Massachusetts that were used for 
this report; 15 out of 21 general case studies and 9 out of 13 detailed case studies that were 
located in Massachusetts were offices. Despite this high number of office buildings, the overall ,. 
sample pool can be considered representative of the mid-sized occupied buildings in the U.S. 
5 Presentation of Results 
5.1 General Results 
As explained within the Methodology Chapter, this research involved the detailed examination of 
26 projects from a pool of 45 general case studies. Through this detailed examination, several 
interesting trends and interactions have been determined for the building systems studied as well 
as the change categories that they have experienced. These trends and interactions will be 
presented in this chapter. 
The analysis performed on the data obtained from the case studies first began with a general 
overlook of the entire detailed case study sample. The 26 detailed case studies were examined to 
determine the general counts of projects experiencing the respective change categories. These 
case studies were then explored in more detail as the counts were further broken down to 
incorporate the individual change subcategories within the change categories. Using the counts 
that were taken from these case studies, frequencies, representing the percentage of the sample 
that was studied which experienced change within the respective change subcategory, were 
determined. While these detailed counts were initially made for the sample of 26 cases as a 
whole, counts and frequencies were also made after breaking the sample down according to 
whether they incorporated renovation to meet the same usage or renovation to meet a new and 
different usage. By brealung the case studies according to this organization, a comparison of 
renovation to same and different usage class within buildings could be made. 
Through the count and frequency analysis, the case studies appeared to present several 
interesting patterns and trends within their renovation for the same as well as different usage 
classes. Each of these patterns and trends were examined. The first involved the links and 
interactions that became apparent not only within and among the four building systems but also 
within and among the respective change subcategories that they experienced. These links and 
interactions were determined and examined. Flowing from these apparent links within the 
building systems and change categories appeared an interesting cascade in building system 
changes. This cascade was then followed by another cascade in building usage that appeared in 
the case studies. Through analyzing all of these links, interactions, and trends and the resulting 
cascades in changes important information regarding the renovation of existing buildings was 
obtained, which in turn can be used to enhance building flexibility and make renovation easier. 
5.1.1 Whole Sample 
The 26 detailed case studies were examined according to their building systems and the 
experiences with the change categories (Chapter 3). By malung a general count of the projects 
that had experienced the respective change categories, some interesting trends and characteristics 
began to appear. Table 5.1 displays the counts that were made for the entire 26 case studies 
examined. 
Table 5.1 - General count of Buildings in the Sample (26) Which Experienced the 
Respective Changes 
The results of this count show several trends within the building projects analyzed. As shown in 
the far right column of Table 5.1, all 26 buildings experienced change in function for at least one 
of the four main building systems. 25 out of the 26 buildings studied experienced changes in 
capacity and 24 out of 26 experienced change in flow for at least one of their building systems. 
The table also shows that functional changes experienced by the buildings studied were more or 
less consistent across the board for all of the building systems. 
As expected, the Table shows that changes in capacity were substantially higher for the structural 
and service systems than they were for the remaining systems. The high number for the service 
systems can be attributed to the rapid increases in technological changes within buildings and 
their increased incorporation within today's building. These increases within the service 
capacity could also in part contribute to the high amount of projects experiencing changes in 
structural capacity. Increases in services are often involve increases or variances in overall loads 
applied to the structure, through the incorporation of new, larger equipment, the incision of larger 
shaft spaces within structural floors, or other required structural modifications. 
Within the changes in flow category, the interior finish system presents the highest amount of 
buildings that experienced changes. It is expected that renovation will involve the reorganization 
of the interior finish space and hence change the overall flow of people and things, and thus the 
interior environment within a building. While the number in this area is high, as expected, the 
number of projects whose exterior enclosure system experienced changes in flow is substantially 
lower than expected. It is generally perceived that renovation of an exterior is performed to 
enhance a building's appearance and make the building more pleasing and welcoming to the 
public. In a sense, such changes reinvent the environmental flow around the building as well as 
the flow of people into and out of the building. However, according to the results presented in 
the table, it appears that most projects are "expanding the bubble but are refraining from actually 
opening it", as they show a high amount of upgrade of existing function and incorporating new 
functions for the exterior enclosure system. 
Loobng at the building systems, at least 19 of the buildings studied experienced some form of 
change within the structural system, 22 experienced change within the enclosure system, and 23 
experienced changes for both the services and interior finish systems. It is interesting to see that 
while traditionally one would expect to see a high number of changes within the services and 
interior finish systems, we also see that a large number of buildings also incorporated changes 
within the structural and exterior enclosure systems as well. The high amount of changes in the 
structural system is definitely intriguing. This could be attributed to possible skewness in the 
sample; however, this issue of representativeness is covered within the methodology section of 
the report. This could also resemble an issue within building renovation that has been ignored in 
the past and therefore is a valid issue for further research. 
Another fact to note is that none of the systems, and none of the change categories resulted in a 
null set of data. A change of some aspect was experienced in all of these categories. 
While Table 5.1 presents a general count of the building systems and the changes that were 
experienced, these counts can be further broken down and examined according to the individual 
change subcategories. The results of such an analysis are presented in Table 5.2. Talung the 
counts, which are represented within this table, and comparing them with the entire sample of 
detailed case studies, frequencies were determined. These frequencies, which are shown in 
Table 5.3, represent the percentage of the sample which was studied (26 projects) which 
experienced change in the respective change categories. These frequencies are graphically 
represented by Figures 5.1, 5.2, and 5.3. Figure 5.1 represents the percentage of the building 
cases that experienced changes in function (Upgrade of existing functions, the incorporation of 
new functions, and modification for different usage). Figure 5.2 represents the percentage that 
experienced changes in capacity (Loadslconditions and volume). The percentage that 
experienced changes in flow (Environment and peoplelthings) is represented within Figure 5.3. 
Table 5.2 - The Numbers of Buildings in the Sample (26) which Experienced the Respective 
Changes 
Table 5.3 - The Percentage of the Sample (26) Which Experienced the Respective Changes 
Figure 5.1 - Changes in Function: Upgrade, New Functions, and Modification for the 
Entire Case Study Sample 
STRUCTURE ENCLOSURE SERVICE 
Building Systems 
FINISH 
Figure 5.2 - Changes in Capacity: Loads/Conditions and Volume for the Entire Case Study 
Sample 
STRUCTURE ENCLOSURE SERVICE 
Building Systems 
FINISH 
Figure 5.3 - Changes in Flow: Environment and People/Things for the Entire Case Study 
Sample 
STRUCTURE ENCLOSURE SERVICE 
Building Systems 
FINISH 
Upon analyzing the results presented in the Tables 5.2, and 5.3, and represented in Figures 5.1, 
5.2, and 5.3, several general trends in the sample become evident. As shown in Figure 5.1, 
approximately half of the projects studied presented modification of the structural, service and 
interior finish systems. This figure also shows that the majority of the projects experienced an 
upgrade of the exterior enclosure system. Figure 5.2 shows that a majority of the projects 
experienced changes in loads/conditions and volume capacity within the services systems. This 
figure also shows that a majority of the projects presented changes in volume capacity for the 
interior finish system. Meanwhile, Figure 5.3 reveals that a majority of the projects present 
changes in the environmental flow around the building through changes within the exterior 
enclosure, services and interior finish systems. This figure also displays that a majority of the 
projects exhibit changes in the flow of people and things within the interior finish system, as well 
as an interestingly high percentage of changes in the flow of people and things within the 
structural system. 
5.1.2 Sample Displaying Renovation for the Same Usage Class 
The group of 26 building projects presented two general end usage classes for which they were 
renovated. Therefore, the entire sample of 26 projects was broken down into these two groups, 
namely those that were renovated to meet the same usage requirements and those that were 
renovated to meet new and different usage requirements. Out of the 26 projects, 11 projects 
were renovated for the same usage, while the remaining 15 projects were renovated for a 
different usage. 
The 11 projects that were renovated for the same usage were examined in the same manner as the 
entire sample of 26, as explained in Section 5.1.1. The individual building systems that made up 
these projects were examined according to the change subcategories. A count was made for the 
numbers of these cases that experienced each of the respective change categories as shown in 
Table 5 -4. These counts were then used to calculate the frequencies that are shown in Table 5.5. 
These frequencies represent the percentage of the 11 case studies examined that experienced 
each of the respective change subcategories. These frequencies are graphically represented 
within Figures 5.4, 5.5, and 5.6. Figure 5.4 provides the percentages of the 11 same usage 
projects that experienced changes in function (Upgrade of existing functions, the incorporation 
of new functions, and modification for different usage). Figure 5.5 represents the percentage that 
experienced changes in capacity (Loads/conditions and volume). The percentage that 
experienced changes in flow (Environment and peoplelthings) is represented within Figure 5.6. 
Table 5.4 - The Numbers of Buildings in the Sample Displaying Renovation for the Same 
Usage (11) which Experienced the Respective Changes 
Table 5.5 - The Percentage of the Sample Displaying Renovation for the Same Usage (11) 
which Experienced the Respective Changes 
Figure 5.4 - Changes in Function: Upgrade and New Functions Same Usage 
(Note: No Modification changes were experienced by buildings renovated for the same usage) 
STRUCTURE ENCLOSURE SERVICE 
Building Systems 
FINISH 
Figure 5.5 - Changes in Capacity: Loads/Conditions and Volume for Same Usage 
STRUCTURE ENCLOSURE SERVICE FINISH 
Buildlng Systems 
Figure 5.6 - Changes in Flow: Environment and People/Things 
STRUCTURE ENCLOSURE SERVICE FINISH 
Building Systems 
The results presented in the Tables 5.4, and 5.5, and represented by Figures 5.4, 5.5, and 5.6 
display several general trends for those projects that were renovated to meet requirements for the 
same usage class. By definition, Tables 5.4 and 5.5, and Figure 5.4 show that none of the 11 
projects exhibited any modification of their systems during renovation, since they were staying 
within the same usage class. They do show that a majority of the projects experienced functional 
upgrades within their exterior enclosure, services and interior finish systems. Figure 5.5 shows 
that a majority of the projects experienced changes in capacity for loadslconditions within the 
services systems. This is expected, since most renovation projects within the same usage class 
involve the enhancing of existing services to meet the power and technologcal needs of the 
current and future times. It is interesting to note that these 11 projects also presented fewer 
changes in volume capacity, environmental flow, and the flow of people/things for all of the 
building systems studied than the full sample. 
5.1.3 Sample Displaying Renovation for a Different Usage Class 
While I1 of the 26 projects presented renovation for the same usage, the remaining 15 projects 
were renovated to meet a new and different usage. Like the same usage sample, the building 
systems within these projects and their relevant changes were determined and counts were made. 
The number of changes and types of changes experienced within this sample is shown in Table 
5.6. Again frequencies were calculated for this sample using these number counts as presented 
in Table 5.7. These frequencies represent the percentage of the 15 different usage case studies 
examined that experienced each of the respective change subcategories. These frequencies are 
graphically represented within Figures 5.7, 5.8, and 5.9. Figure 5.7 provides the percentages of 
the 15 different usage projects that experienced changes in function (Upgrade of existing 
functions, the incorporation of new functions, and modification for different usage). Figure 5.8 
represents the percentage that experienced changes in capacity (Loads/conditions and volume). 
The percentage that experienced changes in flow (Environment and peoplelthings) is represented 
within Figure 5.9. 
Table 5.6 - The Numbers of Buildings in the Sample Displaying Renovation for a Different 
Usage (15) which Experienced the Respective Changes 
Table 5.7 - The Percentage of the Sample Displaying Renovation for a Different Usage (15) 
which Experienced the Respective Changes 
Figure 5.7 - Changes in Function: Upgrade, New Functions and Modification for Different 
Usage 
STRUCTURE ENCLOSURE SERVICE 
Building Systems 
FINISH 
Figure 5.8 - Changes in Capacity: Loads/Conditions and Volume for Different Usage 
STRUCTURE ENCLOSURE SERVICE 
Buildlng Systems 
FINISH 
Figure 5.9 - Changes in Flow: Environment and PeopleIThings for Different Usage 
STRUCTURE ENCLOSURE SERVICE FINISH 
Bulldlng Systems 
The results presented in these tables and figures provide interesting trends within renovation for 
a different and new usage class. By definition, Figure 5.7 shows that a large majority of the 
buildings studied presented some form of modification within all four of the building systems 
(structural, exterior enclosure, services and interior finish systems). It also shows that a majority 
of the projects incorporated some form of functional upgrade of the exterior enclosure system. 
The data, as shown in Figure 5.8, reveals that a majority of the projects experienced changes in 
the capacity of loadslconditions for the services systems. It also shows that a majority 
experienced changes in volume capacity for the structural, service and interior finish systems. 
Figure 5.9 shows that a majority of the projects presented changes in environmental flow for all 
four building systems, while the majority of projects experiencing changes in the flow of 
peoplelthings was limited to the structural and interior finish systems. 
5.1.4 Comparison of Renovation for Same and Different Usage Class 
The results of the counts and frequencies displayed within the previous sections of this chapter 
show interesting differences within the change categories experienced by the building systems 
for renovation for same usage and renovation for different usage. It is important to note that this 
comparison excludes any results involving the modification for different usage change 
subcategory, based on its definition. 
Comparing the buildings renovated for the same usage to those renovated for a different usage, 
several interesting trends arise. These same usage buildings displayed a higher percentage of 
changes in function for the structural system, a lower percentage for the exterior enclosure and 
higher percentages for both the services and interior finish systems. The higher percentage of 
change encountered within the structural system is unusual. However, this can be largely 
attributed to the categorization and definition of the modification change subcategory. The lower 
percentage of change in the exterior enclosure system and the higher percentages for the services 
and interior finish systems are expected. Traditionally, renovation projects embody the upgrade 
or revamping of the services within a building as well as a reorganization of the building's 
interior finish system. This is particularly relevant to buildings that are renovated to meet the 
same usage class. 
Changes in capacity for the same usage buildings resulted in a lower percentage of change in 
volume for the structural system, and a lower percentage in both loadslconditions and volume for 
the exterior enclosure, services, and interior finish systems than the new usage buildings. The 
lower percentage of volume changes within all of the building systems is expected. Renovation 
for the same usage commonly does not require large changes in the buildings or its systems 
volume. The lower percentage of changes in loads/conditions for the exterior enclosure system 
is also expected. However, the lower percentage of changes in loadslconditions for the services 
system was not expected. In most renovation projects, in which a building is being restored to 
meet its same usage class, the work is concentrated within the building's services and bringing 
them up to current and future standards. This task commonly involves increasing the power 
capacity and depth of the existing services, but it appears from this sample that renovation for 
same usage does not necessarily entail increases in service capacity. 
Changes in flow for the same usage buildings resulted in a lower percentage of change in both 
environmental flow and the flow of peoplelthings for the structural system, a lower percentage in 
environmental flow for both the exterior enclosure and the services systems, and a lower 
percentage in both environmental flow and the flow of peoplelthings for the interior finish 
system than the new usage buildings. The lower percentages in change for both environmental 
flow and the flow of people and things for the structural and interior finish systems are expected. 
Renovation for the same usage generally doesn't involve much work in these systems which 
might effect or result in great changes to the overall flow within a building. The lower 
percentage of environmental flow change in both the exterior enclosure and services systems, on 
the other hand, is unusual. It is often perceived that one of the primary reasons behind the 
renovation of a building for same usage is to improve and make the environment within and 
around the building more comfortable to its occupants. This goal has commonly been achieved 
through work on the exterior enclosure and services systems; however, analysis of this sample of 
same usage buildings indicates that renovation for same usage may not include significant 
changes to the exterior enclosure or services systems to accomplish environmental or process 
flows. 
5.2 Patterns across the Case Studies 
Through the analyses that were performed on the 26 case studies, several links among the change 
categories and the building systems became evident. While particular building systems might 
have experienced changes in one change category, that change might have been in response to a 
change experienced in another building system, or even a different type of change experienced 
by the building system. For example, the incorporation of a new HVAC condensing unit might 
increase the loads applied to the building's structural system, thus requiring upgrade or 
reinforcement of the structural system to meet the new load requirements. In other words, the 
service system experienced a functional change that resulted in a change in the capacity for 
loads/conditions of the structural system, thus requiring a structural upgrade to meet the new 
loads (e.g., Building N42, MIT). Several different links for each of the systems and for each of 
the different change categories were discovered within the 26 case studies analyzed. 
The changes that occurred within each of the 26 detailed case studies were organized according 
/ 
to the progression in which they were completed. These organizational change charts are 
presented within Appendix B, with each of the respective 26 building cases. An example of one 
of these charts is shown in Figure 5.10. This figure represents the progression of changes 
experienced by the Worthington Place project in Cambridge, Massachusetts (Appendix B). For 
example, before the modification of the exterior enclosure system could be made, the 
modification to the structural system had to be made. Meanwhile, the upgrade of the exterior 
enclosure system occurs simultaneously with the modification of the enclosure system as shown 
by the dashed line with the double arrows. 
By developing and examining charts, like this one, for each of the 26 case studies, some 
interesting trends became apparent. By separating the cases into two categories according to 
renovation for the same and different usage class, some differences emerged. The progression of 
changes for buildings renovated for the same usage did not have as many levels of change. 
Furthermore, the changes within one building system was not as reliant on changes in other 
building systems for the same usage buildings; in other words, the changes within the building 
systems were for the most part uncoupled from changes within the other building systems. A 
few of these projects also displayed changes within only one of their building systems (Citicorp 
Building, Federal Office Building, and Iowa State University Office, see Appendix B). This 

5.3 Cascade of Building System Changes 
In the past, common thought within the building construction industry presented a general 
cascade with which changes in building systems generally occur. Traditionally, it has been 
believed that changes to the structural system precede changes to the exterior enclosure system 
that in turn preceded changes to the services systems followed by changes to the interior finish 
system. This general cascade of changes within the building systems is represented by Figure 
5.11. In a sense, these building systems and hence any changes within them have remained 
coupled In the past. For example, when changes are required In the service system, changes are 
usually also made within the interior finish system. In the past, it was thought that most building 
renovations follow the same general pattern. Depending on the scale of the renovation to be 
performed, work would generally follow this pattern, beginning with the upgrade or modification 
of the structural system, then proceeding to changes to the exterior enclosure system, followed by 
work on the service systems and finish~ng with changes to the interior finish systems. 
Figure 5.11 - General Cascade of Changes within Building Systems 
Encl osuge 9-1-, 
While this pattern or cascade in building system changes is common, it does not always have to 
occur for building renovations to succeed. During the analyses performed on the case studies 
used in this research, each case was compared to this system cascade. The cases were examined 
according to the end product with which they were to be renovated for: renovation to meet the 
same usage, or renovation to meet a new and different usage. 
Although some of the cases renovated for the same usages appear to follow the traditional 
cascade, a large proportion of them does not. The eleven case studies that presented renovation 
for the same usage and the links between the changes in the building systems are represented by 
Figure 5.12 and summarized within Table 5.8 as shown below. 
Figure 5.12 - Links between Changes in Building Systems for Same Usage 
mT1 r l Building 
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Table 5.8 - Cascade of System Changes within the Detailed Case Studies of Buildings 
Renovated for the Same Usage 
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Out of the eleven projects, four buildings required work within all four of the building systems. 
Out of these four buildings, three of them (Mt. Auburn Hospital, Rush PresbyteriadSt. Luke's 
Medical Center, and Union Station) followed the general cascade, while the fourth (28 State 
Street) had uncoupled the work on the structural system from the work performed on the 
remaining three systems (which continued to follow the cascade). Three of the buildings 
(Building 16, New York Life Building, and Standard Life Tower) displayed work on the last 
three systems (enclosure, service and interior finish), yet with the work on the exterior enclosure 
system was uncoupled from the work on the final two systems. Meanwhile, 2 buildings (Citicorp 
Building and Iowa State University Office Building) had work performed solely on their 
structural systems and 1 building (Federal Office Building) had work performed solely on its 
exterior enclosure system with minimal disruption of the other systems. The work performed on 
the service and interior finish systems for all eleven of the buildings remained entirely coupled 
together. This includes the work performed on Grand Central Station, which consisted largely of 
work performed on these two systems. 
The building cases that displayed renovation for a new and different usage show similar results. 
These results are represented within Figure 5.13 shown below and summarized within Table 5.9, 
at the top of the following page. 
Figure 5.13 - Links between Changes in Building Systems for Different Usage 
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Table 5.9 - Cascade of System Changes within the Detailed Case Studies of Buildings 
Renovated for a Different Usage 
Out of the 15 projects, 13 buildings required work within all four of the building systems. Out of 
these 13 buildings, eight of them (Building N42, Globe Department Store, K. Wayne Smith 
Building, Lafayette Corporate Center, 705 Mt. Auburn Street, Philadelphia Naval Base, Sage 
Hall, and Worthington Place) followed the general cascade. Four of these projects (270 Albany 
Street, Building 3 14, 266 Second Avenue, and 255 State Street) had uncoupled the work on the 
structural system from the work performed on the remaining three systems (which continued to 
follow the cascade). The last of the projects (Polaroid Building) had the work on both the 
structural and the extenor enclosure systems uncoupled from the work on the remaining systems. 
This project was also very interesting as the work on the exterior was preceded by the work on 
the service and interior finish systems, thus going totally against the general cascade. Out of the 
remaining two projects, one (Liberty Tree Building) displayed work on the last three systems 
(enclosure, service and interior finish) with the work on the exterior enclosure system remaining 
uncoupled from the work on the final two systems. Meanwhile, the last building project (DEC 
Headquarters) had work performed on the service and interior finish systems. For all 15 of the 
buildings, the work on these two systems remained entirely coupled together. 
Upon analyzing these trends it becomes evident that the nature of the system change differs 
depending on whether it is within the same usage versus the different usage category. For 
instance, renovation for different usage often requires changes within the structural system (13 
out of 15 projects), while renovation for the same usage often leaves the structural system 
unchanged (6 out of 1 I projects). In all of the projects, regardless of their end usage class, the 
service and interior finish system changes are coupled. 
Are these trends required with regards to coupling system changes or are they simply 
predisposed theory and actions? While there is evidence that changes within the structural and 
enclosure systems can be uncoupled from changes within the other systems, it appears that 
changes within the service and interior finish systems are locked together. Determining how to 
uncouple the changes within any and all of the systems, including those in the service and 
interior finish systems, might introduce a new level of flexibility within buildings. This certainly 
is an issue that could and should be explored further. 
5.4 Cascade of Building Usage 
Along with a cascade in changes within the building systems, a cascade in building usage also 
exists within the sample of building cases studied. Past belief has been that a building is built to 
meet one use and is intended to only meet that one use for an extended period of time. When the 
building can no longer functionally meet that use, then it was either abandoned or demolished so 
a new building could replace it. Although this train of thought is rapidly becoming extinct within 
the building construction industry within the United States and a few other countries, a large 
proportion of the countries in the world continue to follow it. The cascades of building use 
discovered through this research provide overriding evidence that any building can be reused, not 
only to meet its originally intended usage but also, if need be, an entirely new usage (as long as 
the building in question possesses the initial requirements for a renovated facility, namely a 
structural system). 
Although all 45 of the projects used for this research presented renovation to the same or a new 
usage, the changes in usage for the 26 detailed case studies were examined in more detail. The 
end uses for each of these 26 building cases are shown below in Table 5.10. Out of this sample 
of building cases, 11 were renovated to meet their initial usage class or upgrade that usage class, 
while the remaining 15 projects were renovated to meet an entirely new usage class. 
Table 5.10 - Building Samples Studied: Usage after Renovation 
The projects that were renovated to meet the same usage class involved the upgrade of the 
building's current conditions to increase their comfort and marketability while also enhancing 
their safety. The majority of these projects were office buildings (6 out of the 11 projects), while 
the remaining projects were institutional buildings (2 hospitals and 1 academic) and 
retail/commercial buildings (2 railroad stations). 
The end usage classes for the projects that were renovated to meet a new usage are somewhat 
similar to those presented by the projects renovated to meet the same usage. As shown in Table 
5.10, the majority of these projects resulted in an office building usage class (9 out of the 15 
projects). Two of the building renovations resulted in research and development facilities, while 
another two resulted in institutional facilities. The remaining two building projects were 
renovated to meet industrial usage and residential usage respectively. 
While the end usage class for these building is important, it is the cascade of building usage 
change that they each present which is most interesting. The most interesting aspect of this 
analysis was seeing what usage each of these buildings were initially constructed for, and 
witnessing the changes which allowed them to meet their new usage. This cascade in usage class 
is represented by Figure 5.14 below. Following this cascade, several different usage paths 
become apparent. Buildings that were once used for light manufacturing purposes have been 
renovated to meet the industrial, warehouse, office, research and development, and even 
residential usage requirements. Meanwhile, retaiYcornmercia1 and residential buildings are being 
converted into institutional buildings, namely academic facilities. 
Figure 5.14 - Changes in Usage Class for the Detailed Samples for Different Usage 
While this cascade presents the initial and end usage classes that were represented by the 15 case 
studies, it fails to represent the entire picture for a few of them. Several of these projects are not 
experiencing their first experience with conversion, but in fact are experiencing their second, 
since these projects are being renovated to meet their third usage class. All fifteen of the 
buildings renovated to meet new usage and the history of their usage classes are displayed within 
Table 5.1 1 on the following page. As shown in this table, five of the fifteen projects have been 
renovated to meet their third usage class. 
Through the analysis performed on these buildings, it was interesting to discover the influences 
that certain building usage classes andlor the cascades of building usage classes placed on the 
types of changes which a building encountered to meet a new usage. Larger, more open plan 
buildings, such as warehouses, light manufacturing buildings, and industrial buildings, present 
the easiest structures to work with. These buildings provide the best capabilities to meet several 
different usage types due to their large bay spans, high load capacities, and high floor to ceiling 
heights. Other building types, such as retail, office, R & D, institutional, and residential, present 
more difficult obstacles for renovation to overcome. These buiIdings often incorporate lower 
load capacities which meet the minimum requirements for the building's usage, low floor to 
ceiling heights to maximize the number of floors and rooms, and an entangled maze of services 
and interior finish space which can make renovation a much more arduous and expensive task. 
However, by incorporating flexibility within all of these buildings, it is believed that they too can 
be renovated and reused in a much more efficient and easier manner. 
Table 5.11 - Building Samples Studied: List of Past Usage Classes for Buildings that were 
renovated to meet a new/different Usage 
- 
T ~ O S A G E  + I I 
Research I Development 
& Office 
High Tech Office Space 
.. 
Office Space 
Office Space 
Office Building (for 
multiple tenants) 
B R ~ J E C ? ~  " 
270 *lbany Street 
Building N42, MIT 
Building 314 
DEC Headquarters 
Globe Department 
Store 
K. Wayne Smith 
Building 
Lafayette Corporate 
Center 
Liberty Tree Building 
705 Mount Auburn 
Street 
Philadelphia Naval 
Base 
Sage Hall 
266 Second Avenue 
255 State Street 
Worthington Place 
mRsl ~JSA'GB~ 
Plate Glass 
Manufacturing Building 
Laundry Building 
Automobile Assembly 
Plant 
Light Manufacturing and 
Office Space 
Department Store and 
Warehouse 
Automobile Distribution 
Warehouse 
Retail Building 
Retall Bullding with some 
Office space 
Telephone Manufacturing 
and storage building 
Naval Foundry 
Chemical Research and 
Development building 
Manufacturing building 
Warehouse 
Metal stamp~ng industrial 
plant 
LcDNbus~dB - u 
Heart-shaped Candy Box 
Manufacturing Bullding 
Office Space 
Research / Development, 
Lab & Office Space 
Class 'A' Office Space 
Academic Building: 
Classrooms and Offices 
Office Space 
Office Building with 
some retail space 
Office Building with 
some retail space 
Warehouse 
Commercial Building: 
Light Manufacturing. 
Office, Lab and some 
Light Manufacturing 
Academic Building: 
Classrooms and Offices 
Research l Development, 
Lab & Office Space 
Office Building (for one 
tenant) 
Apanment building 

6 Conclusions and Recommendations for Further Research 
6.1 Summary 
The purpose of this research was to develop a theory and framework to assess the capabilities of 
a building to accommodate change over time, specifically focusing on the renovation and reuse 
of existing low to mid-rise buildings. Unlike past studies on building renovation and reuse, this 
research moves away from the exogenous factors (e.g., building location, social and community 
issues, building age, or building deterioration as explained in Chapter 2). It instead concentrates 
on the physical engineering systems within a building that influence the feasibility of renovation 
and reuse. 
6.2 Conclusions 
An assessment framework, which presents the critical characteristics that influence the 
accommodation of change within a building, was successfully developed. While this framework 
does not present a concrete answer to the problems associated with changes within buildings and 
the renovation required to meet them, it does offer a check list which can help ease the design 
and construction planning processes. Furthermore, the framework and the data which were used 
to create it present several interesting trends, interactions, and links for building renovation and 
reuse as a whole, as well as the building systems and change categories that were studied. 
Although in the past it has been perceived that the building construction industry has been 
reluctant to accept and incorporate new methods, techniques and design alternatives, this 
research shows that this is no longer true. This research examined several building renovation 
projects as well as three new construction projects that actually incorporated change within their 
designs. Most of these projects incorporated new design ideas that placed an overall emphasis 
on designing to accommodate not only the changes for the new renovated use but also possible 
future potential uses. These examples display the growing trend towards planning ahead and 
incorporating possible future changes within the design and construction of both new and 
existing buildings and the activities which they house. This trend is particularly evident in the 
projects that were headed by developers which supply and own R & D facilities, such as Lyme 
Properties of New Hampshire and Boston Properties of Massachusetts, and by institutions and 
universities such as Massachusetts Institute of Technology and the Mount Auburn Hospital in 
Cambridge, Massachusetts. 
This growing trend towards incorporating a capacity to accommodate future change stems 
primarily from a change in the overall outlook on the costs associated with building construction. 
While initial costs of design and construction have traditionally been held as the main factor in 
whether to pursue a project, several of the case studies analyzed within this research suggest that 
more projects are using lifecycle costs as the main decision factor. One such project was 270 
Albany Street, in which the developerlowner, Lyme Properties, despite having a single long-term 
tenant for the entire building, had the building designed and renovated to meet the needs for up to 
five tenants. When asked why they did so during an interview, the developer stressed that it is 
easier and much more cost efficient to spend a little extra money upfront, and save more money 
down the road, than to focus on reducing initial costs (Whinney interview, 1998). 
While these general trends appeared with regards to the building construction industry as a 
whole, and the renovation and reuse of buildings within it, the individual case studies showed 
several interesting trends, interactions and links that existed within and among the four building 
systems and the change subcategories. Each of these individual trends and interactions 
emphasized the preconception that the subject of building flexibility and building design for 
incorporating capabilities to accommodate change over time is a very complex issue. 
The complexity associated with building flexibility and design to accommodate change is 
particularly apparent within and among the building systems and the changes that they 
experience, specifically in the interactions and dependencies between and among these building 
systems. Strong links exist between the structural and services systems for both changes in 
function and changes in capacity. In addition, strong links exist between the services and interior 
finish systems for all three change categories (Function, Capacity, and Flow). However, the 
exterior enclosure system appears to be more uncoupled from the other systems with regards to 
changes performed on the studied facilities. While some of these links are considered common 
within the design and construction industry (primarily the link between the services and interior 
finish systems and the changes that they experience), others were often not explicitly recognized. 
The cascade within the building systems further displays the links that appear to exist between 
the different building systems. These cascades show that the service and interior finish systems 
are strongly coupled. That is, all of the buildings studied which displayed changes and renovation 
within the services system also displayed associated changes within the interior finish system. A 
majority of the projects that experience changes within the other two systems (structural and 
exterior enclosure) also show that they too are generally coupled along with the services and 
interior finish systems. However, a few cases did show that work on the structural system and the 
exterior enclosure systems can be uncoupled from work in other systems and therefore performed 
without disrupting the other systems (Figures 5.14 and 5.15, and Tables 5.8 and 5.9 in Chapter 
55. 
Each of the individual case studies examined for this research presented a different type of trend 
or varied from the traditional cascade of building system change. Although the projects which 
involved work in the services and interior finish uniformly showed that all of the work performed .. 
on the service and interior finish systems was coupled and therefore done together, the projects 
show a variety of other trends with regards to work on the other building systems. Furthermore, 
some projects had work performed on only one system while leaving the other systems 
essentially untouched and undisrupted. These various trends in building changes and various 
links between them and the systems in which they are being performed emphasize the complexity 
of the task that this research addresses. There is no clear-cut answer that miraculously unfolded 
as the research on the case studies progressed. There is, however, evidence that the task of 
developing a design methodology for incorporating the capability to accommodate change within 
buildings is possible through further research on this subject and the issues which it has 
identified. 
6.3 Recommendations for Further Research 
When this research began, the ultimate question was whether or not a reasonable accurate design 
tool for incorporating the accommodation of change within building design could be developed. 
Could a general framework be created and applied to all types of building projects, whether they 
are new buildings or existing buildings being renovated? Could the complicated issues that have 
plagued the reuse of existing buildings be determined and identified so that future projects can 
plan for them ahead of time? The evidence brought forth by this research (i.e., the successful 
development of a design framework which provides the critical characteristics which should be 
considered prior to building construction and renovation design) suggests that the answers to 
these questions could be yes. 
While this research and the framework it created do not present any concrete answers to 
providing building flexibility, they do provide a foundation from which further research can and 
should be performed on a building's ability to accommodate future change. The organization of 
the empirical data obtained from the case studies into the proposed framework provides a tool 
not only for construction professionals, but also for future researchers to perform further analysis 
on determining how and why building systems might change. Through such further study, a 
potential method of predicting and calculating the probability of the different types of changes 
which effect the individual building systems could be developed. Given the knowledge of the 
types of change that do occur, further research could be performed on determining how to most 
effectively accommodate these changes. Such research might incorporate the development of 
several different design andfor construction strategies that could be implemented not only within 
the design for buildings undergoing renovation but also within the design of new buildings. 
These strategies could also incorporate various methods of evaluating buildings and their various 
systems and components. For example, an evaluation method which takes into account the 
engineering economics of pursuing various different design methodologies which incorporate 
capabilities to accommodate and compares them to the economics of traditional design 
methodologies. 
One area from the results of this research in which further research should be performed is on the 
links and interactions that exist between the different building systems and the changes which 
they experience. These links and interactions make the issue of building flexibility and the design 
for incorporating this flexibility a very complex issue. This complexity effects the overall design 
and construction of a building. Within most of the projects studied, it was these interactions and 
links that made the renovation which ensued difficult and more expensive than initially 
predicted. Perhaps by developing a method of design that accounts for these interactions and 
eliminates them by uncoupling the different building systems entirely from one another, the 
overall building construction and renovation process could be simplified. 
Appendix A: General Case Study Data 

Table A . l -  List of General Case Studies Used for Research 
: PROJEC~NA'@ " 1 , "  - 
Abbott Laboratones 
Charles River Business Center 
75 Federal Street 
Fitzpatrick Farmly Group Hotel 
Fort Point Channel Warehouses 
GE Vapor Lamp Company 
Hinghan~ Shipyard 
Hood Business Park 
Mass. Museum of Contemporary Art 
Navy Pier 
New Bedford Aquarium 
Nu keland 
Stop and Shop Building 
Toyota Motor Corp. Parts Center 
Trump International Hotel and Tower 
Two Tequesta Point Condominiums 
Union Station - 2 
U.S. Courthouse/Federal building 
Washington Junior High School 
?.> 
~OC&$ION 
Las Colinas, TX 
Watertown, MA 
Boston, MA 
Manhattan, NY 
Boston, MA 
Hoboken, NJ 
Hingharn, MA 
Charlestown, MA 
North Adams, MA 
Chicago, IL 
New Bedford, MA 
Kalkar, Germany 
Boston, MA 
Ontario, CA 
New York, NY 
Miami, FL 
Kansas City, MO 
Phoenix, AZ 
Duluth, MN 

DATE: 1/19/98 
PROJECT TITLE: Abbott Laboratories 
LOCATION: Las Colinas, Texas 
PROJECT OWNER: Abott Laboratories' Diagnostic Division 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE). 
- - 
John Wells, PE, Reed, Wells, Benson and Co. 
Dallas. TX 
ARCHITECT: 
Marcel Quimby, ALA, PM, Henningson, Durham and Richardson, Inc. 
Dallaq. TX 
CIVIL ENGINEER: 
Randy Hagens, SE, Doyle Engineering Group 
Dallas. TX 
SUBCONTRACTORS: 
I BUKDNG INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: None - new bullding 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: To respond to customer demands for products, they must turn office space 
into manufacturing space - and back again- in a heartbeat; design and build a 
mix use facility which would allow Abbott the flexibility to change over the 
next couple of years or for the life of the building. 
FUTURE USAGE: 4 story mix use facility - manufacturing, warehouse, office and laboratory 
NEW SYSTEMS: 
STRUCTURAL: Steel structure - large open footprint; 1st Floor: 27 ft. hlgh ceilings, 87,300 sf of 
warehouse space; 2nd Floor: Mezzanine connection to the existing building, 
and private conference space; 3rd/4th Floors: 160,000 sf of manufacturing, 
office and laboratory space; large bays, 28 x 40 ft. 
ENCLOSURE: Energv efficient low emission glass windows 
SERVICE: Utilitv columns, variable volume air handling units; Access flooring and 
structural columns flanked by utility risers; Special early suppression fast 
response sprinkler system used to allow construction over warehouse space; 
Two centrifugal chillers provide chilled water to 4 variable volume air handling 
systems on each floor; each system has steam humidifiers to ~ r o v i d e  humiditv 
FINISH: Elevators, electrical closets, mechanical rooms, rest rooms, and private 
conference space put at the ends of the building leaving the center of the 
building open; Demountable partitions used; 
EXPECTED FUTURE 
CHANGES : Use of the office space for new manufacturing lines and vice versa. 
NOTES: 
The facility's flexibility is expected to save $500,000 in rearrangement costs uer 
year. 
DATE: 4/2/98 
PROJECT TITLE: The Charles River Business Center 
LOCATION: Arsenal Street, Watertown 
PROJECT OWNER: Watertown Arsenal Development Corp. 
GENERAL CONTRACTOR 1 CM 1 PM (NAME ADDRESS 8.1 PHONE): 
Developer - ONeill Properties Group 
Philadelphia, PA 
ARCHITECT: 
" CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: U.S. Army Arsenal - 10 building historic site 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE 
SERVICE: 
FINISH: 
S P E C W  CONCERNS: 
FUTURE USAGE: 645,000 sf of office and research and development space on a speculative basis 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
I PROJECT DATA SHEET I 
DATE: 4/2/98 
PROJECT TITLE: 75 Federal Street 
LOCATION: Boston, MA 
PROJECT OWNER: Equity Office Properties - Mike Quinn, General Manager 
GENERAL CONTRACTOR I CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
I BUTLDING INFORMATION: . 
START DATE: 
FINISH DATE: 
PAST USAGE: Class B+ office building 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: 
Class A- Office space (6 year long renovation project entailing a floor by floor 
u~erade) 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES : 
PI$OJECT DATA SHEET 
DATE: 1 1/21/97 
PROJECT TITLE: Fitzpatrick Family Group Hotel 
LOCATION: 141 E. 44th Street, Manhattan, NY 
PROJECT OWNER: Joint Venture: Fitzpatrick Family Group of Hotels and Blackacre Capital Group 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
HRH Construction Comoration 
- 
909 Third Avenue, New York City, NY 10022 
ARCHITECT: 
Martin J. Brockstedt. Interior designer 
CIVIL ENGINEER': 
SUBCONTRACTORS : 
I BLTLDNG INFORMATION: 1 
START DATE: 
FINISH DATE: 
PAST USAGE: Office building 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: 
FUTURE USAGE: First Class - European style boutique hotel - 75,000 sf, 156 rooms and suites, 
including a penthouse 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
FINISH: 
EXPECTEDmTTURE 
CHANGES: 
NOTES: 
DATE: 12/10/97 
PROJECT TITLE: Boston Globe Article: "Converting warehouses into premium offices" 
LOCATION: Fort Point Channel area, Boston, MA (North Station, South Station including 
the leather district) 
PROJECT OWNER: Various 
GENERAL CONTRACTOR I CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS. 
L BUILDISG INFORMATIOPI': I 
START DATE: 
FINISH DATE: 
PAST USAGE: 
PAST SYSTEMS: 
Warehouses 
STRUCTURAL 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: lack of available office space within Boston; the construction of the Central 
Artery and proposed convention center; saving these buildings adds to the 
character of Boston; Warehouses are "cheap space". 
FUTURE USAGE: Class B office space, shops and residences 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
EXPECTEDFUTURE 
CHANGES: 
NOTES: 
"We had a rash of new buildings in the 60's that were not hosaitable, so that in 
part spawned the preservation movement." 
PROJECT DATA SHEET 
DATE: 1/9/98 
PROJECT TITLE: GE Vapor Lamp Company 
LOCATION: Hoboken, NJ 
PROJECT OWNER: Grand Street Artists Alliance 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
I BUILDIhTG INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Production center for mercury vapor lamps and switches (1910-1960s) 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Wides~read unknown mercurv contamination forced the EPA to condemn the 
FUTURE USAGE: 
building. GE who sold the building to the Artist Association claimed that "the 
building was never intended for residential use." 
Modern, code compliant living suaces and studios 
NEW SYSTEMS: 
STRUCTURAL. 
ENCLOSURE 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
DATE: 2/9/98 
PROJECT TITLE: Hingharn Shipyard 
LOCATION: Hingham, MA 
PROJECT OWNER: Developer - Paul Trendowicz, SeaChain LLC and the state of Massachusetts 
GENERAL CONTRACTOR 1 CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: Navy destroyer escort manufacturing building plant 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE. 
SERVICE. 
FINISH: 
SPECIAL CONCERNS: Shlpyard is considered an eyesore by many within the surrounding community; 
it has been very underutihzed over the last 50 years; prime waterfront property 
in a prime location; 
550 town houses ($300,000-600,000), an 80 room inn, 246,000 sf retail and 
restaurant space, 36,000 sf of offices, and a new 1.600 mace ~arking lot. 
FUTURE USAGE: 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE. 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
DATE 1/13/98 
PROJECT TITLE. Hood Business Park 
LOCATION Charlestown, MA 
PROJECT OWNER Hood Busmess Park LLC 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Developer - Nordic Properties 
3 1 Third Avenue, Burlington, MA 
(617) 272-4000 
ARCHITECT: 
CIVIL ENGINEER: 
Syrnmes, Malni, and McKee Associates 
Boston, MA 
(617) 547-5400 
SUBCONTRACTORS. 
START DATE: 
FINISH DATE: 
PAST USAGE: Headquarters and main dairy facility for H.P. Hoods and Sons until 1996 
-23 acre property 
PAST SYSTEMS: 
STRUCTURAL. 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: 
FUTURE USAGE: 400,000 sf Office Park in four separate buildings 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTEDFUTURE 
CHANGES: 
NOTES : 
I PROJECT DATA SHEET 
DATE: 7120198 
PROJECT TITLE: Mass Moca - Massachusetts Museum of Contemporary Art 
LOCATION: North Adams, Massachusetts 
PROJECT OWNER: 
-- -- 
GENERAL CONTRACTOR / CM 1 PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
Brunerl Cott and Associates 
Cambndge, MA 
CIVIL ENGINEER. ' 
SUBCONTRACTORS. 
BUILDING lNFOR\fATION: 1 
START DATE: 
FINISH DATE: 
PAST USAGE: Mill - S ~ r a g u e  Electric Com~anv 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
SPECIAL CONCERNS: 
FUTURE USAGE: Art center - multi-disciplinary center for visual, performing and media arts - 
200,000 sf of galleries, indoor and outdoor performance spaces, cafes, retail 
shops and commercial offices 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES : 
PROJECT DATA SHEET I 
DATE: 1/16/98 
PROJECT TITLE: Navy Pier 
LOCATION: shore of Lake Michigan, Chicago, IL 
PROJECT OWNER: Hood Business Park LLC 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Kevin Dyball, CMIGC, Schal Bovis Inc. 
Chicago, IL 
ARCHITECT: 
Rick Fawell, VP, VOA Associates Inc. 
Chicago, IL 
CIVIL ENGINEER: " 
SUBCONTRACTORS: 
I BUILDING IF\-FOFGMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Navy Pier 
PAST SYSTEMS: 
STRUCTURAL: 12 inch thick concrete pier built on weak landfill soil 
ENCLOSURE: 
SERVICE : 
FINISH: 
SPECIAL CONCERNS: Massive $190 million rehabilltation; had to make sure that the entire structure 
could withstand the intense Lake Michigan conditions; wanted to maximize 
flexibility with a column free soace. 
FUTURE USAGE: Hub of activity: an exhibit hall constructed on the pier where "visitors can dine, 
attend the theater, learn at a convention. s h o ~  or take a thrill ride." 
NEW SYSTEMS: 
STRUCTURAL: New concrete caissons, 60 ft on center, were drilled into the load bearing clay 
material at -70 ft; holes were punched through the existine ~ i e r  slab for the 
caissons; a new precast concrete superstructure was built on top of the old 
pier; a prefabricated and prefinished steel space frame roof systems topped the 
new structure: structural svstem has a verv high load canacitv 
ENCLOSURE: Architectural wall cladding panels used on the exterior; integrated, metal panels 
used for the roof: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
PROJECT DATA SHEET 
DATE: 11/20/97 
PROJECT TITLE: New Bedford Aauarium 
LOCATION: New Bedford, MA 
PROJECT OWNER: 
GENERAL CONTRACTOR / CM 1 PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
Peter Chermayeff, Robert Bowen, Maureen Armstrong & Frederick Satkin 
Cambridze Seven Associates. Inc.. Cambridge. MA 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE,: 
PAST USAGE: Commonwealth Electric Power Plant - Closed 1993 
PAST SYSTEMS: 
STRUCTURAL: Structurally sound - Won't require much surgery 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Looking for a designhuild contract; site has not been used in over 4 years - 
FUTURE USAGE: 
"brownfields" evaluations must be made to determine the amount of hazardous 
materials on site; asbestos IS known and abatement is requlred 
New Bedford Ocean Science Center - 270,000 sf complex: Aquarium, center for 
marine research businesses and a large screen theater 
NEW SYSTEMS: 
STRUCTURAL, The nine story tall turblne room will be converted into the aquarium, explorium 
and center and thus would requlre some sllght structural modifications to suit 
these functions 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
PROJECT DATA SHEET I 
DATE: 1/19/98 
PROJECT TITLE: Nukeland 
LOCATION: Kalkar, Germany 
PROJECT OWNER: Henny Van Der Most 
GENERAL CONTRACTOR / CM 1 PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
[ BUILDNG INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Cooling tower from a mothballed nuclear power plant 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: The $4.5 biIlion ~ l a n t  was never fitted with nuclear fuel. 
FUTURE USAGE: "Free climbing and air stream-flvine" Theme Park 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTEDFUTURE 
CHANGES : 
NOTES : 
PROJECT DATA SHEET 
DATE: 1/9/98 
PROJECT TITLE: Former Stop and Shop Building 
LOCATION: Causeway Street, North End, Boston, MA 
PROJECT OWNER: Boston Realty Corp. 
GENERAL CONTRACTOR I CM I PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
Finegold, Alexander and Associates 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
Mid 1998 
PAST USAGE: Stop and Shop Grocery store 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE : 
FINISH: 
SPECIAL CONCERNS: Addition of 6 floors to the existing structure with parlung in the basement and 
first floor levels. 
FUTURE USAGE: Mixed use residential development - 240 residential units including lofts, 1, 2, 
and 3 bedroom units ranging fiom 950 sf to 1400 sf. 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
PROJECT DATA S,HEET 1 
DATE: 1/19/98 
PROJECT TITLE: Toyota Motor Corp. Parts Center 
LOCATION: Interstate 15, Ontario, CA 
PROJECT OWNER: Toyota 
GENERAL CONTRACTOR / CM 1 PM (NAME ADDRESS & PHONE): 
John E. Clement, Snyder Langston 
Irvine, CA 
ARCHITECT: 
MNB Architects (Moffatt, Nichol & Bonnev Engineers. Inc.) 
CIVIL ENGINEER: 
SUBCONTRACTORS. 
BUILDING IWORVATZON: 
START DATE: 
FINISH DATE: 
PAST USAGE: None - New structure 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Designed to include amenities that will save the company money in the long 
run by lowering costs for maintenance, operations and insurance. 
FLJTURE USAGE: Warehouse 
NEW SYSTEMS: 
STRUCTURAL: Steel structural system 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES : 
NOTES: 
Minimized the number of control ioints in the floors: installed extra-fast actine 
fire safetv sprinklers- thus allowing ~ las t i c  Darts to be stored anvwhere within 
the warehouse; includes two 52 ft. high towers that house air handling 
equipment out of the way of the warehouse operations. 
PROJECT DATA SHEET 
DATE: 7/8/98 
PROJECT TITLE: T r u m ~  International Hotel and Tower 
LOCATION: One Central Park West, New York, NY 
PROJECT OWNER: Trump Organization, the Galbreath Co. and G.E. Pension Trust 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
Philip Johnson 
CIVJL ENGINEER: 
SUBCONTRACTORS: 
t BUILDING INFOR%IATION: I 
START DATE: 
FINISH DATE: 
PAST USAGE: Office building 
PAST SYSTEMS: 
STRUCTURAL: Steel framed 
ENCLOSURE: 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: 
FUTURE USAGE: 
NEW SYSTEMS: . 
STRUCTURAL: 
Hotel 1 Aoartment building 
ENCLOSURE: Bronze tinted glass curtainwall exterior 
m I S H :  Gracious foyers, 10 ft ceiling heights, serving htchens, marble master baths 
with whirloo01 tubs, walls of elass and meat views. 
EXPECTED FUTURE 
CHANGES : 
NOTES : 
DATE: 7/8/98 
PROJECT TITLE: Two Tequesta Point Condominiums 
LOCATION: Miarm-Dade County, Florida 
PROJECT OWNER: Developer - Stephen L Owens, President, Swire Properties 
GENERAL CONTRACTOR / CM / PM (NAME ADDWSS & PHONE): 
Pavanni Construction Co. Inc. 
Miami, Florida 
ARCHITECT: 
J. Scott Architecture 
M~arm, Florida 
CIVrL ENGINEER. 
Richard B. Klien, Rive, Klien & Timmons 
Miami, Florida 
SUBCONTRACTORS: PEER REVIEWERS 
CHM Consulting Engineers Inc. 
Coral Gables, Florida 
Leslie E. Robertson Associates, New York, NY - analyzed wind loads 
1 BUILDING INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: 40 story condominium building 
PAST SYSTEMS: 
STRUCTURAL: D building plan; 66 reinforced concrete column lines with 6 inch thick flat slabs 
and shear walls: 
ENCLOSURE: 
SERVICE: 
FLNISH: 
SPECIAL CONCERNS: Building was 10 - 30% underdesigned in certain ulaces: However there was 
FUTURE USAGE: 
never any danger of collapse and no "life-safety concern on the building"; 
problem consists of a series of columns that were underdesigned for gravity 
loads, and some slenderness problems; Building code withstand a 30 year 
storm but the codes asks for a 50 year storm. 
Same 
NEW SYSTEMS: 
STRUCTURAL: Five, 2 x 1 fi reinforced concrete columns were strengthened by increasing them 
to 2 ft square by casting a 1 x 2 ft reinforced concrete column with embedded 
steel along them; column lines upsized from the foundation to the root to fix 
the slenderness ~rob lem either 1 or 1.5 ft deer, reinforced concrete d r o ~  a n e l s  
were installed at about 113 of the column slab locations under the 5th & 6th 
floor slabs thus reducing the unbraced length of the columns to 12 ft; In order 
to address slab underdesign and some punching shear problems, interior 
concrete block walls were transformed into load bearing walls at 7 locations. 
and adding a 4 ft deep beam at an eighth location every 8 floors. 
ENCLOSURE: 
SERVICE: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
PROJECT DATA SHEET 
DATE: 4/27/98 
PROJECT TITLE: Union Station 
LOCATION: Kansas Citv, MO 
PROJECT OWNER: Union Station Assistance Corp, and the Kansas City Museum Association 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
JE Dunn Construction Comuanv and Malco Steel Inc 
Kansas City, MO 
ARCHITECT: 
Union Station Architects (5 firm Joint Venture - HNTB, and others) 
CIVIL ENGINEER: PROGRAM MANAGEMENT 
Hines (Houston, TX) and M.A. Mortenson (Minneapolis, MN) 
SUB CONTRACTORS: 
START DATE: 
FINISH DATE: Nov-99 
PAST USAGE: 6 story, 10 level. 800.000 sf rail comolex originally constructed on a 13 acre site 
PAST SYSTEMS: 
STRUCTURAL: structural steel suoerstructure with concrete slab floors 
ENCLOSURE: Masonry enclosure 
SERVICE: 
FLNISH: 
SPECIAL CONCERNS: Listed on the national registry of historic places; has lain dormant for over a 
decade; 
FUTURE USAGE: Intermodal transportation center and the home of a contemporary museum 
called Science City, a planetarium and a large screen theater; office and retail 
space also integrated into the scheme 
NEW SYSTEMS: 
STRUCTURAL: Construction of a new 1200 sf glass enclosed skywalk to connect the complex 
to the nearby Crown Center (65,000 sf of new construction); rcquired structural 
r e ~ a i r  anging from the moderate rusting of structural steel members to the 
- - 
severe, requiring total replacement of 12 x 16 inch colu~ms: To create 
unobstructed views in the theater two 12 x 14 inch columns spaced 23 ft  apart 
in each of three bays were removed, resulting in spans of 69 ft; concrete slabs 
damaged by exhaust of trains passing underneath the station were reinforced 
ENCLOSURE: Leaking roof was repaired with a system of glass-reinforced concrete tiles that 
were  laced on  to^ of the existino Drecast ~ l a n k s  ($7 million', 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
I PROJECT DATA SHEET I 
DATE: 1/19/98 
PROJECT TITLE: U.S. Courthouse and Federal Building 
LOCATION: Phoenix, Arizona (middle of the Sonoran Desert) 
PROJECT OWNER: 
GENERAL CONTRACTOR / CM I PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
Richard Meier and Partners 
New York, NY 
Ove Arup and Partners 
New York, NY 
SUB CONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: 
Late 1996 
By 2000 
None - New structure 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE. 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Using a glass atrium design with passive cooling systein in a desert 
environment and makinn it work. 
FUTURE USAGE: Federal Courthouse and Office Building 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Shad~ng systems used (comprising of metal fins) to achieve 80-100% shading 
of direct solar radiation durine. peak hours; building orcanized around a 6 storv 
58,000 sf rectangular glass atrium. 
SERVICE: Passive climate control system. 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
DATE: 1 1/23/97 
PROJECT TITLE: Washington Junior High School 
LOCATION: Duluth, 
PROJECT OWNER: Artspace, Inc., Minneapolis and the City of Duluth 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
David Bjerkness, LHB Engineers and Architects 
Duluth, Minnesota 
~ p ~ - p p p  
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
Fall 1995 
Fall 1996 
PAST USAGE: Junior High School 
PAST SYSTEMS: 
STRUCTURAL 
ENCLOSURE. Masonry, brick exterlor 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Change in enrollment in 1992 rendered the 86 year old building redundant - 
renovation has won a   reservation alliance of Minnesota honor award for 
-- 
adaptive reuse of a historic building - parking issue - confined site 
FUTURE USAGE: Residences, artist's studios and a community center 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Existing high ceilings and windows reused in the 39 new apartments; Old 
exterior preserved 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES: 
NOTES : 
Appendix B: Detailed Case Study Data 

Table B . l -  List of General Case Studies Used for Research 

270 Albany Street, Cambridge, Massachusetts 
270 Albany Street was built in 1920 to serve as a light manufacturing building for the production 
of plate glass. In 1935, its usage changed as it became a manufacturing plant for heart shaped 
candy boxes. The building continued to be used for this purpose until it closed down in 1990. 
After it had remained vacant and unused for several years, the building was purchased by Lyme 
Properties of New Hampshire and was renovated in 1998 for office and research and 
development usage (Rose, interview, 1998). 
The building is a two story tall cast in place concrete structure with a full basement level. The 
design of the building, with 10 inch thick concrete slab floors, span lengths of 20 x 20 feet, and 
floor to ceiling heights of 9, 15 and 10 feet respectively (lower to second floor) allows it to be 
applicable for several different building usage types. Due to the type of building system used, 
the ovgall load capacity of the structure is very high, especially for the intended use as office 
and research and development space. Due to this added load capacity, the building's structural 
system was able to accommodate several modifications that aided its new usage and ultimately 
provide the building with added flexibility over time. 
1 The most interesting part about this project is the fact that this opportunity for future flexibility 
I 
I was acknowledged by the developer, and therefore became an integral part in the design and 
I 
I implementation of this renovation project. Although the developer has acquired one tenant who 
will rent the entire building over a 10 year period, they have not limited the design of the 
building to that one tenant. Lnstead they have designed the building to suit up to five different 
tenants. The developer further used this methodology of planning ahead by working closely with 
the tenant on the interior fit-out of the building. This allowed the developer to take into account 
the tenant's needs and the possibility of any future changes that the tenant expects to encounter 
within the first few years of occupancy. 
The additional load capacity, which the somewhat overbuilt cast-in-place concrete structure 
possesses, also allowed the building to accommodate a couple of building additions. The 
renovation therefore incorporated the construction of an oversized penthouse on the roof of the 
main building section (for service equipment) and a small one-story addition to the top of the 
building's one story tall right wing as a meeting and lunchroom. By constructing the penthouse 
on top of the roof for the service equipment, the developer was able to free up valuable office1 R 
& D space within the lower "basement7' floor of the building. Through the construction of the 
one story addition, it was also able to increase the overall useable office space as well as provide 
an enclosed area to house a service elevator. The high load capacity building structure also 
allowed the incision of six oversized utility shafts through the cast-in-place concrete slab floors. 
These shafts were designed with the intent that work on utilities could be performed during the 
lifecycle of the interior space without disrupting that space. In order to achieve this objective, 
these shafts were oversized to allow utility workers room to gain access and perform work as 
well as room for new service components (such as utility equipment, pip~ng and communication 
cables) to be installed. These two examples of the flexibility that the structural system provides 
also display the link that commonly exists between the structural and services systems. 
Ultimately this building project is a perfect example of how some professionals within the 
building construction industry are planning ahead, incorporating lifecycle costs of a building and 
designing that building in ways that reduce those costs while increasing the attractiveness of the 
building. This building project also shows some of the benefits through the flexibility which 
slightly overbuilding a structural system can provide. 
PROJECT DATA SHEET 
DATE: 1/25/98 
PROJECT TITLE: 270 AIbany Street 
LOCATION: Cambridge, MA 
PROJECT OWNER: Lvme Properties, Lvme, NH - Dan Whinnev 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS &PHONE): 
Chip Crane, PM; Jose Rose, Assistant PM, Sienna Construction 
Cambridge, MA 
(617) 547 - 4546 
ARCHITECT: 
Jeff Hoseth, BTS Shaw and Associates 
Boston, MA 
1617'1 478 - 0300 
CIVIL ENGINEER: " 
SUBCONTRACTORS : OTHERS 
Historic Assistant - Margot Webber, (617) 332 - 7678 
Cambridge Historic Commission - Charlie Sullivan, (617) 349 - 4683 
START DATE: 6-NOV-97 
FINISH DATE: Aug-98 
PAST USAGE: 1920 - 1935: Plate Glass Manufacturing Building with drive-up windshield 
re~lacement line. 
1935 - 1990s: Box Manufacturing Building - Heart shaued candy boxes 
PAST SYSTEMS: 
STRUCTURAL: Cast in place concrete; 10 inch thick concrete slab floors; span lengths 20 x 20 
ft.; lower level: 9 ft. floor to ceiling height; 1st Floor: 15 ft. floor to ceiling 
height; 2nd Floor: 10 ft. floor to ceiling height. 
ENCLOSURE: Brick masonry enclosure with cinder block fill where original large steel framed 
windows once existed between the columns. Original windows were operable 
to provide some means of ventilation. 
SERVICE: Toilet rooms built above the slabs on raised flooring; Heating consisted of a 
coal fired hot water boiler and cast iron steam radiators; No air conditioning; 
FINISH: Open area plan; No finish; Bare concrete left exuosed 
SPECIAL CONCERNS: Ao~lication for a historic designation for the building's exterior enclosure so 
that it can be restored to its original auuearance with the large windows 
FUTURE USAGE: Biotechnoloev Office and Laboratorv S ~ a c e  115 vear lease) 
NEW SYSTEMS: 
STRUCTURAL: Essentiallv same: Addition of a 7000 sf x 16 ft. tall   en tho use on the roof to 
house the new mechanical systems; Addition of a floor to the building's side 
which was only one story tall; New elevator shaft constructed in this area. 
Six large utility shafts cut through the slabs to run mechanical systems, etc. 
ENCLOSURE: Brick and Concrete exterior repaired and cleaned; cinder block fill demoed and 
replaced with large steel framed operable windows to restore exterior to its 
historic appearance. 
SERVICE: All services new; Elevator, HVAC, plumbing, electrical, sprinkler, all were 
either non-existent or in poor condition and therefore were installed. HVAC is 
- -- 
a single central unit which can be controlled and monitored in seuarate zones. 
thus allowing the building to suit various amounts of tenants. 
FINISH: Some   art it ions with the rest of the mace left ouen for flexible laboratorv 
configurations 
EXPECTED FUTURE 
CHANGES : Worked with the tenant to fit out the interior space, while taking into account 
possible changes that will definitely be encountered in the next couple of 
vears. 
NOTES: 
Incornoration of Future Changes: renovation included the installation and use 
of several oversized shaft suace and an oversized uenthouse suace to ~ r o v i d e  
flexibility for new equipment and services to be installed. 
PROJECT: 270 Albany Street 
ventilation for the 

Building 16, MIT, Cambridge, Massachusetts 
Building 16 is an academic building on the Massachusetts Institute of Technology campus that 
houses classrooms, offices and laboratories for organic and inorganic chemistry. As the 
laboratory areas within the building became old and outdated the school decided to completely 
renovate the building to meet the current needs of the academic courses that use its facilities. An 
important design goal for this renovation project was the incorporation of flexibility in space and 
services so that the building can function properly for many years into the future. With this goal 
in mind, the design for the renovation of this facility incorporated the accommodation of the 
building's needs for the next 25-30 years, with no renovations expected in the short term of 8-10 
years (Design and Construction Services, 1994). 
This design incorporated several different methods of providing building flexibility through its 
service and interior finish systems. Within the service systems, for example, the renovation 
included the installation of new high technological fiber optic cabling to meet current academic 
needs as well as additional lines for possible future needs. Meanwhile, the interior finish system 
incorporated exposed ceilings in most of the laboratory spaces for easy access to the utilities. 
Furthermore, all of the labs and office spaces were designed with room for possible expansion. 
These spaces incorporated a larger amount of modular furniture and a lower amount of fixed, 
built-in furniture, thus allowing a greater number of possible organizations of the interior space. 
By planning ahead and incorporating future needs with the design for this renovation, MIT 
intended to extend the useful life of this building's facilities as well as decrease the overall 
lifecycle costs required to maintain and operate them. 
I PROJECT DATA SHEET 
DATE: 1 2/12/97 
PROJECT TITLE: Building 16 
LOCATION: Cambridge, MA 
PROJECT OWNER: MIT 
GENERAL CONTRACTOR 1 CM / PM (NAME ADDRESS & PHONE). 
Beacon Skanska Construction Company 
270 Congress Street, Boston, MA 02210 
(6 17)574- 1400 
ARCHITECT: 
Ellenzweie Associates. Inc. 
1280 Massachusetts Avenue, Cambridge, MA 02138 
(617) 491-5575 
CIVIL ENGINEER: STRUCTURAL 
, Souza True and Pxtners 
653 Mt. Auburn Street. Watertown. MA 02172 
SUB CONTRACTORS: 
PlumbingiFire: BR & AJ Sullivan Partnership, Suite 302, Union Wharf, Boston, 
MechanicalElectric: Sullivan Consulting Engineers, 1320 Soldier Field Road, 
Boston, MA 02135. (617) 254-0016 
I BLrnDING INFORMATIOS: I 
START DATE: 
FINISH DATE: 
PAST USAGE: Academic building with ciassrooms, offices and wet laboratories. 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: Safetv stations and gas cylinder storage inadeauate. Storage cabinets under 
SPECIAL 
CONCERNS: 
the fume hoods not vented. HVAC - campus steam and campus chilled water. 
FINISH: Lab benches which are too small: Aisles between these benches are too 
narrow; Casework consists of wood with metal t o ~ s -  all in verv ~ o o r  condition: 
Layouts fail to accommodate in lab equipment efficiently. 
Renovation occurred while facilities beside it were in use: renovation should 
accommodate the buildings needs for the next 25-30 year use cycle without 
any additional renovations in the short term (8-10 years). 
FUTURE USAGE: Same - Upgrade and slight modification of the existing facilities. 
NEW SYSTEMS: 
STRUCTURAL: None 
ENCLOSURE: Some new windows were installed at the ends of corridors in order to 
introduce natural light into the building. Some of the exterior was repair due to 
aeine deterioration. 
SERVICE: High tech cable/cornmunication lines installed; replaced/rebuilt much of the 
, 
HVAC svstem: Most of the nlumbine svstem was reolaced and reconfieured: 
Electrical svstem was tested, re~ai red  where necessarv and additions were 
made to it; existing steam heating system reused; new air condensers installed 
into the tightly packed basement. 
FINISH: Built-in desks placed along walls with heaters so they remain free of blockage, 
and to help maximize the useable space. 
EXPECTEDFUTURE 
CHANGES: Removal of old and installation of new laboratory equipment; possible future 
renovation of lab space. 
NOTES: 
Incorporation of Future Changes: exposed ceilings used except in some labs 
which used a hung ceiling, for easy access to utilities; labs, office space 
designed with room for ~oss ib le  xnansion: use of a lower amount of built in 
furniture, etc. (less $) 
PROJECT: Building 16 
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Building N42, MIT, Cambridge, Massachusetts 
Building N42 is another building on MIT's campus that recently underwent renovation. This 
building was originally built over 100 years ago and has since been used as a laundry building 
and an office building. The recent renovation changed the building for use as MIT's Information 
Systems office building. 
This building required work in all of the systems to meet the requirements of its new usage. The 
work that was performed on the building's structural system shows how the type of structural 
system can affect the ease with which a facility can change to incorporate a new usage type. The 
masonry bearing wall and timber framed interior structural system required reinforcement in 
several different areas. These reinforcements were in response to the installation of new rooftop 
HVAC equipment, the installation of a new passenger elevator, the increase in floor loads within 
the building from increase density of activities, and the location of new openings within the 
existing bearing walls. 
This project also shows the link that exists between the service and structural systems. The new 
use of the building required the installation of all new HVAC equipment. This equipment was 
installed on the roof of the existing building. However, the masonry bearing wall and timber 
framed structural system was unable to support the distributed loads associated with the new 
equipment. Therefore, a new steel superstructure had to be constructed above the roof in order to 
carry the loads of the equipment and transfer them down to the bearing walls of the building. If a 
different structural system had existed, this steel superstructure might not have been necessary. 
The type of structural system also influenced the decision to renovate the building rather than 
s~mply demolish it and build a new structure, since it could adequately meet the load 
requirements for the new use and thus provided the opportunity to renovate. "If they were 
planning longer than a 10-15 year life for this building, it would have been more reasonable to 
demolish and build a new structure; however, considering a 10-15 year life, it was more cost 
efficient to renovate for its purpose nown(McKennan, interview, 1997). 
-- 
DATE: 10/30/97 
PROJECT TITLE: Buildine N42 
LOCATION: MIT, Massachuset~s Avenue, Cambridge, MA 02139 
PROJECT OWNER: MIT 
GENERAL CONTRACTOR / CM 1 PM (NAME ADDRESS & PHONE): 
John McKennan - Turner Construction Special Projects Group 
ARCHITECT: 
Perry and Radford Architects 
1617) 547-4723 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: Laundry building; Office space 
PAST SYSTEMS: 
STRUCTURAL: Masonry bearing walls (brlck) with wood timber flooring and roof system. 
ENCLOSURE: Brick masonry bearing walls with double hung windows 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Geotechnical issues: water table 5' below the basement floor; the installation of 
the new elevator and elevator shaft required the installation of pressure 
injected ~ i l e s  - daneer for a 100+ vear old building. 
FUTURE USAGE: MIT information systems building (Office space) 
(10-15 vear usaee ~ e r i o d  ex~ected) 
NEW SYSTEMS: 
STRUCTURAL: Some areas of reinforcing needed; steel beams, columns, lintels around and 
- - 
over new openings; rooflfloors reinforced by sistering fir beams at long span 
areas; raised roof structure (steel) was constructed to support the new rooftop 
HVAC system equipment. 
ENCLOSURE: Windows replaced; exterior f a ~ a d e  repointed and washed on 2 side of the 
building (Massachusetts Ave and Windsor Ave sides remained untouched 
and in ,good condition) 
SERVICE: New HVAC, electric. mechanical. communications. etc.: Central temDerature 
control with automated temperature sensors with manual computer system; 
new elevator installed. 
FINISH: Metal stud and sheetrock walls constructed to arrange the interior space 
between the three masonrv bearing walls. 
EXPECTED FUTURE 
CHANGES: Demolish in 10-15 years and build a new structure. 
NOTES: 
"25 vears from now we'll tear this down." - Sarcastic remark bv PM 
If ~lannine loncer than a 10-15 vearlife it would have been more reasonable t o  
demolish and build a new structure: however, considering a 10-15 vear life, it 
was more cost efficient to renovate for its purpose now. 
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Building 314, Indianapolis, Indiana 
This 75-year-old building was originally constructed as a 5 story, 307,540-sf automobile 
assembly plant for Nordyke and Marmon, and therefore presents a structural system that is ideal 
for manufacturing. This system is a reinforced cast-in-place concrete column and flat floor slab 
system. The new owner of the building has since renovated the building for use as laboratory 
and office space (Watkins-Miller, 1998). 
Due to its design as a manufacturing plant, the building's structural system was more than strong 
enough to support the required loads of the new usage. Therefore, the building required no work 
structurally, aside from the construction of a 5-story tall glass atrium on the south side of the 
building for a new central staircase. While the structural system required little change, the other 
three systems required extensive change. A new precast concrete exterior with all new windows 
masked the existing exterior enclosure (but, notably, did not replace it). Meanwhile, the most 
interesting part of the renovation involved the work performed on the service and interior finish 
systems. 
Again we see a strong link between the service and interior finish systems. The changes within 
the service systems included running all utilities overhead in the lab spaces in order to allow for 
unlimited laboratory configurations. The changes within the finish system included the design of 
laboratory spaces in a "dance floor" arrangement, that is, with all fixed casework and equipment 
on the perimeter and moveable tables, racks, etc. in the center. The interior was also designed so 
that both the office and laboratory spaces were of the same standard size with smaller common 
areas used for fumehoods, alcoves, and sinks. All of these design aspects were incorporated to 
further promote the flexibility of the building over its lifecycle. 
I PROJECT DATA SBEET 
DATE: 5/4/98 
PROJECT TITLE: Building 3 14 
LOCATION: Lilly Technology Center, Indianapolis, Indiana 
PROJECT OWNER: Eli Lillv and Co. 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Jerry Polly, PE, PM, Flad and Associates 
644 Science Drive, Madison, WI 53705 
(608) 238-2661 
ARCHITECT 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
BUILDING INFORMATION: 1 
START DATE: 
FINISH DATE: 
PAST USAGE: 5 story, 307,540 sf Nordyke and Marmon automobile assembly plant - 600 x 80 
ft floor olan: 75 vear old building 
PAST SYSTEMS: 
STRUCTURAL: "ideal for manufacturing"; reinforced concrete columns with concrete flat slab 
floors. 
ENCLOSURE: Masonry and glass infill exterior skin - narrow 80 ft. width allowed the 
urovision of natural lieht to the workers. 
SERVICE: 
FINISH: 14 ft. clear floor to ceiling heights 
SPECIAL CONCERNS: 
FUTURE USAGE: Laboratorv and office soace 
NEW SYSTEMS: 
STRUCTURAL: existine buildine was structurallv sound and strong and therefore no work was 
necessary; however, a 5 story tall central atrium and staircase was constructed 
on the south side of the existing building 
ENCLOSURE: A new precast concrete exterior was placed over the outside of the existing 
masonry system; new energy efficient, ultraviolet filtering windows were also 
installed - also placed outside the existing walls; 5 story central atrium and 
staircase on south side enclosed bv a glass curtainwall 
SERVICE: Utilities ran overhead in the lab maces to allow unlimited lab confimrations: 
Indirect lighting and task lighting installed; huge air handling systems installed 
at both ends of the building (due to the high amount of air circulation within 
the building, the enerev efficiencv is limited). 
FINISH: Floor to ceiling partitions with 7 feet of glass separate labs from the central 
corridors (used to h e l ~  stimulate idea sharing and social interaction between 
lab areas); labs designed with a dance floor layout (provides flexibility for 
future changes) with fixed casework on the perimeter and moveable tables, 
racks, etc. in the center; labs separated by common areas with fume hood 
alcoves, sinks, etc.. . Offices and labs are all a standard size to further Dromote 
EXPECTED FUTURE 
CHANGES : 
NOTES: 
PROJECT: Building 3 14 
bright focal or common 
oint for employees to 
necessary distance to 
travel by half by bringing 
people to the middle of 
the building rather than 


Citicorv Building, Manhattan. New York 
The Citicorp building is an office building in Manhattan, New York. The interesting aspect of 
this building project is how it displays that work on the structural building system is capable of 
being uncoupled from the other systems when required. This building was originally designed 
with welded connections to meet the requirements for withstanding a 16-year windstorm. 
However, during construction planning, these welded connections were substituted with bolted 
connections that presented the same strength characteristics and that were less expensive to 
fabricate. However, miscalculations were made, and the bolted connections lacked the sufficient 
strength to withstand a 16-year windstorm (Morgenstern, 1995). Therefore, emergency work to 
strengthen the connections had to be performed. 
The design of the building allowed the work to be performed on the weak connections without 
disturbing the workers within the building and without disturbing the other building systems to 
any great extent (some modification of the interior finish system was necessary in order to reach 
the respective connections). The reinforcing of the connections involve the welding of heavy 2" 
thick steel plates over more than 200 bolted connections within the structure to insure that the 
building was structurally sound as initially designed. In the end the design of the building 
allowed the necessary modifications to the structural system to be performed quickly and easily. 
I PROJECT DATA SHEET 
DATE: 5120198 
PROJECT TITLE: Citicorp Tower 
LOCATION: Manhattan, NY 
PROJECT OWNER: Citicorp 
GENERAL CONTRACTOR 1 CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT : 
CWIL ENGINEER: STRUCTURAL 
LeMessurier Inc. 
Cambridge, MA 
SUBCONTRACTORS: 
BUILD#-G INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Office Building 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
lded over -200 bolted out so reinforcing of joints 
nts to reinforce braces could be performed - It 
was replaced and repaired 
bstitution failed to 
count for diagonal wind 
rces - catastrophic 
'lure possible - had to 
PROJECT: Citicorp 
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-- 
DEC Headauarters. Mavnard, Massachusetts 
DEC Headquarters is a set of 18 buildings in Maynard, Massachusetts that have been renovated 
from office and light manufacturing use into Class 'A' office buildings. The building complex is 
now named Clock Tower Place. Because they were originally built to suit the needs for a high 
technological company, these buildings already included the appropriate mechanical, HVAC, 
electrical and telecommunications systems required for today's high-class office space. 
However, some work including the replacement of the windows, the conversion of freight 
elevators into passenger elevators and the renovation of the interior finish space to comply with 
current codes was required to meet the new usage requirements. In the long run, these buildings 
are a prime example of how buildings can be designed for one usage and can easily adapt for a 
new usage by incorporating particular aspects within the main building systems (Miara, 1998). 
PROJECT DATA SHEET 
DATE: 5/4/98 
PROJECT TITLE: DEC Headquarters - Clock Tower Place 
LOCATION: Maynard, MA 
PROJECT OWNER: Wellesley Rosewood Capital Corp. LLC 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: Office, light manufacturing buildings - 18 building complex; each approximately 
7.000 - 365.000 sf in size on a 38 acre lot 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
172 
FINISH: 
SPECIAL CONCERNS: 
FUTURE USAGE: Class A office space 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Windows were replaced 
SERVICE: Freight elevators needed to be converted to or replaced by passenger 
elevators. 
FINISH: Renovated to comolv with the American with Disabilities Act: otherwise it 
consists of open space. 
EXPECTEDFUTURE 
CHANGES: 
NOTES: 
PROJECT: DEC Headquarters 


- -- - 
Federal Office Building, Norfolk, Virginia 
This building project involved a federal office building in Norfolk, Virginia whose exterior 
enclosure system consisting of brick masonry was in danger of catactrophic failure. The work 
that was performed to solve this problem shows that work on the exterior enclosure system of a 
building can be uncoupled entirely from the other building systems; the exterior enclosure system 
was repaired with no work necessary on any other system within the building. The solution 
involved the emergency replacement of the exterior while the building's occupants continued to 
work inside. A new precast concrete panel system and new higher light transmission windows 
with thermally efficient glass replaced the original faqade. The renovation also included the 
installation of a new roof and the replacement of the damaged brick faqade of the two-level 
parking garage structure at the base of the building. The design of the building with a brick 
masonry non-load bearing faqade allowed such a project to be performed so easily and without 
disturbing the building's occupants or  any of the other building systems (Sawyer, 1997). 
I PROJECT DATA SHEET 
DATE: 111 6/98 
PROJECT TITLE: Federal Office Building 
LOCATION: Norfolk, VA 
PROJECT OWNER 
GENERAL CONTRACTOR I CM I PM (NAME ADDRESS & PHONE) 
Project Consultant Engineer - MMM Des~gn 
Norfolk, VA 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
BUILDIlVG INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Federal office building 
PAST SYSTEMS: 
STRUCTURAL 
ENCLOSCRE. Brick with windows 
SERVICE 
SPECIAL CONCERNS: Recladding the huilding from the outside to minimize the disruption to the 10 
fcdcral tenants within i t ;  replacement was an cmergency - original brick 
cladding was in d a n ~ e r  of failure 
FUTURE USAGE: Same 
NEU' SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Precast concrete oancls and new higher light transmission nlindows with 
thermally efficient elass r e ~ l a c e d  the existing exterlor; new roof installed: the 
damaged brick face of the two level parking structure at the buildings base was 
replaced 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES : 
NOTES: 
PROJECT: Federal Office Building 
enc osure; window frames 
Tt intact, glass replaced 
blatenal fa~lurr  possible 
due  to load conditions 


Globe Department Store, \Taukegan, Illinois 
The Globe Department Store is an old department store in Waukegan, Illinois that was 
transformed into an academic building by the College of Lake County. The structural system 
consists of masonry bearing wall5 with timber framed floors possessing sufficient load capacity 
and enough tlexibility to allow an atrium to be cut through the center of the building. The 
existing roof and exterior enclosure were in very poor condition with severe water damage 
caused by the tough winters in the area. Therefore, the roof was renovated and upgraded, 
including a large 10-St x 40-ft skylight over the atrium, and the building facades were 
reconstructed to resemble the building's original 1890's appearance. New thermally energy 
efficient windows were also incorporated within the renovation of the exterior faqade. The 
existing services were inoperable and therefore entirely new scrvice systems had to be installed 
within the building to meet the requirements of its neu usage. The new service systems that 
were installed alao took into account future need, of thc building to provide future flexibility 
~ ~ i t h i n  the building's interior design (Vangen, 1998). 
PROJECT DATA SHEET 
DATE: 5120198 
PROJECT TITLE: Globe Dcpartmcnt Store 
LOCATION Waukegan. IL 
PROJECT OWNER C o l l c ~ c  of Lake County 
GENERAL CONTRACTOR / CM 1 PM (NAME ADDRESS 6: PHONE) 
Bollcr C(~nstructlon 
ARCHITECT 
Arthur Dcl hlul-o. Jxlrats Aichltects Inc  
CIVIL ENGINEER. 
65 1 West Wash~ncrton Bl \d  . S u ~ t e  400. Chlcaeo 11- 60661 
SUBCONTRACTORS 
BUILDING INFORMATION: 
START DATE. 
FINISH DATE: 
PAST USAGE: Department Store 
PAST SYSTEMS: 
STRUCTURAL. 
ENCLOSURE: POI-cela~n c xneled inctal panels for cladding: se\,cl.c water damage: roof lvas a 
total loss 
SERVICE: Existing heating, ventilation and air conditioning units  all were a total loss 
FINISH: Water dnrnage to building walls and floors 
SPECIAL CONCERNS: 
FUTURE USAGE: Academic Building - College 
NEW SYSTEMS: 
STRUCTURAL. 3 story atrium constructed w~thin the ccnter of the budding to allow better 
ventilation and flow of natural light 
ENCLOSURE: 10 x 40 ft. skylight placed over the atrium; porcelain panels removed and 
reolaced bv the ao~licat ion of an exterior insulation and finish svstem that 
restored the buildine to its 1890s style and fixed all of ~ t s  leakage problems: 
New thermal insulated windoas were also installed 
SERVICE: The original elevator and shaft were replaced with a larger more efficient unit; 
new light fixtures installed; sprinkler system was added; electricall communic. 
systems upgraded to a fiber optic systcm. 
FINISH: Damaged wood floors repaired and/or replaced and support columns and 
portions of the original brick ~ a l l s  were cleaned and left exposed to retain 
~ i e c e s  ofthe buildine's original look and fed:  catwalk style stairs and 
walkways constructed inside. 
EXPECTED FUTURE 
CHANGES: 
NOTES : 
PROJECT: Globe Department Store 
windows installed system to meet usage 
triuln to be cut into it 
(masonry bearing ~valls 
w ~ t h  timber framed 


Grand Central Station, New York, New York 
This historic building has long served as the main hub for rail traffic heading north from the New 
York City. In 1967, the building was declared a landmark; however, for decades since i t  has 
suffered from lack of maintenance and has greatly needed repair. The renovation of the building 
incorporated the repair of some deteriorated portidns of the structural steel, but the majority of 
the work consisted of work on the services and interior finish systems within the building 
(Rasmussen, 1997). 
Through the work perfomled on the services and interior finish systems, the common link 
between the two systems again became evident. The changes to the services included the 
installation of 7 new elevators, 6 new escalators, the redesign and replacement of all of the 
utilities (electrical, plumbing, heating and generators), and the installation of new fire safety and 
sprinkler systems. Lead and asbestos abatements were performed, and a large proportion of the 
interior finish was restored, including the vaulted cerulean blue-sky ceiling. The work on the 
interior finish also included the construction of a new Bottocino marble staircase on the east side 
of the building to match the historic one that existed on the west side of the building. 
The most interesting thing about this entire renovation project was the fact that the work was 
performed during the station's regular hours of operation with only a 4-hour closure in the 
middle of each night. Furthermore, most of the structural changes which were required had to be 
performed without the aid of accurate original drawings. Overall, this building renovation 
project displays how important incorporating building maintenance within the initial design of a 
building is and how important effectively performing that maintenance over the building's 
lifetime is for avoiding problems with deterioration. 
PROJECT DATA SHEET 
DATE: 1115198 
PROJECT TITLE Grand Central Station 
LOCATION New Yorh City, NY 
PROJECT OWNER New York City 
GENERAL CONTRACTOR 1 CM 1 PM (NAME ADDRESS & PHONE): 
PM - GCT Venture Inc. (LaSalle Partners and Williams Jackson Ewing) 
ARCHITECT 
CIVIL ENGINEER: 
GC - Lehrer McGovern Bovis, Inc.. New Yorh 
Bever. Blinder. Belle 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: Hub for rail traffic heading north from the city 
PAST SYSTEMS: 
STRUCTURAL: Structural steel building with lightweight latticed columns surrounded by 
reinforced concrete terra cptta tiles and ornate decorative stone. 
ENCLOSURE: Indiana limc~tone. Stonev Creck ~rani te  and painted metal uindows 
SERVICE. 
FINISH: 
SPECIAL CONCERNS Clews had to work on the structure during regular station operation, with only 
a 4 hour window in thc middle each night; thev had to make structural changes 
without the hclr, of accurate oriainal drawings, 1967 the building was declared 
a landmark - however over the years it had suffered from lack of maintenance 
FUTURE USAGE. Same 
NEW SYSTEMS: 
STRUCTURAL: Same - Framing overall sound - some areas of deteriorat~on did however exist 
and therefore required repair or replacement 
ENCLOSURE: Same 
SERVICE: Two new hanks of escalators installed; all of the utilities were redesigned and 
r e ~ l a c e d  i l i ~ h t s .  ~ l u m b i n g ,  heatinn and venerators); new chilled water c a u i ~ .  
and rooftop cooling towers installed; power supply increased to 13,200 V; new 
sprinkler and fire safety systems installed; total of 7 new elevators and 6 new 
escalators were installed 
FINISH Thc vaulted ~ c r u l e a n  blue sky cel l~ng a a s  restored, cihhestos and lcad 
ahatement was ~ e r f o r m e d :  a new Bottoeino marble staircase was constructed 
EXPECTED FUTURE 
CHANGES: 
- - ~ 
on the east side of the building to match the historic one on the building's 
west side 
NOTES : 
PROJECT: Grand Central 
Station 


Iowa State University Office, Ames, Iowa 
This building is a 2-story office building at Iowa State University in Ames, Iowa. The building's 
design consists of a steel frame with a 6-inch thick composite concrete slab on dcck for the 
second floor. The interior finish of the building represents the traditional open office plan 
design. The initial design and construction of the building was made to meet the minimum 
passable requirements for load capacities within the floors in order to minimize the initial costs 
for constructing the building. Subsequently, although these structural floors did pass load 
capacity requirements, they still lacked the sufficient strength to prevent the high vibrations 
which occurred within them because of the building's usage. These vibrations were causing 
worker discomfort and were thus making the building a very undesirable place to work. To fix 
the problem, a set of trusses was attached underneath the floor beams to reduce the vibrations 
("Floors: Truss.. .", 1998). 
This case displays one of the more frequent problems encountered when a building has been 
designed to meet the mininium requirements to minimize the initial costs. Rather than 
considering the specific requirements for maintaining occupant comfort within the building arld 
designing the building with slightly over-designed floor slabs, the owner chose to instead 
lllinirnize its initial investment. In truth, the initial savings that the owner made were erased by 
the costs that accompanied the necessary repairs to the building to provide the building's 
occupants with the required comfort. 
DATE: 7/7/98 
PROJECT TITLE: Iowa State University Office 
LOCATION: Ames, Iowa 
PROJECT OWNER: Iowa State Un~versity 
GENERAL CONTRACTOR I CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
Dean Morton 
CIVIL ENGINEER: STRUCTURAL 
Robert Britson - Shuck-Britson Inc. 
Des Moines, Iowa 
Thomas M. Murray 
SUBCONTRACTORS : 
START DATE: 
FINISH DATE: 
PAST USAGE: 2 story office building 
PAST SYSTEMS: 
STRUCTURAL: Steel framed with 6 inch thick composite concrete on deck floors 
ENCLOSURE: 
SERVICE: 
FINISH: O ~ e n  office ~ l a n  environment 
SPECIAL CONCERNS: High vibrations within the buildlng were causing worker discomfort; caused by 
insufficient (vet  assa able) load ca~acitv of the structural floors. 
FUTURE USAGE: Same 
NEW SYSTEMS: 
STRUCTURAL: Trusses attached underneath the floor beams to arevent high vibrations 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTEDFUTURE 
CHANGES : 
NOTES: 
PROJECT: Iowa State University Office 


K. Wayne Smith Building, Dublin, Ohio 
The K. Wayne Smith building was originally designed as a regional Volkswagen Co. distribution 
warehouse and therefore possessed a strong structural system, a bland exterior precast panel 
system and minimal heating, cooling and electrical systems with an open warehouse interior 
plan. The building's new owner decided to renovate the building into an office building which 
accommodates conference and training areas, offices, an employee fitness center, and some 
warehouse space (Watluns-Miller, 1997). 
To meet this new usage class, a second floor was constructed within the structure. Although the 
structural system within the existing building was strong and stable, some re-engineering of the 
foundation and reinforcement of the interior columns was necessary. Aside from the structural 
changes, the most interesting aspect of this renovation project was its inclusion of building 
flexibility as one of the major design goals. Much of this flexibility became evident within the 
service and interior finish systems. Changes within these systems included the installation of 
additional rooftop mechanical systems, the installation of underfloor cabling, and the use of a 
modular wiring distribution system underneath a raised paneled floor. This allowed the areas 
within the building to accommodate several different possible organizational arrangements of 
cubicle and office space, as well as the necessary flexibility to meet possible future needs. 
PROJECT DATA SHEET I 
DATE: 1/16/98 
PROJECT TITLE: K. Wayne Smith Building 
LOCATION: Dublin, OH 
PROJECT OWNER: OCLC Online Comouter Library Center. LLC 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Gilbane Building Co. 
ARCHITECT: 
URS Greiner 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
I BUILDING INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Regional Volkswagen Co. distribution warehouse 
PAST SYSTEMS: 
STRUCTURAL: Steel framing and heavy duty concrete slab 
ENCLOSURE: Precast concrete panel exterior 
SERVICE: Minimal heating and cooling requirements met for warehouse use 
FINISH: Open warehouse plan 
SPECIAL CONCERNS: Provision of flexibility a major goal 
FUTURE USAGE: Office building accommodating conference and training areas, offices, an 
Employee fitness center and some warehouse space. 
NEW SYSTEMS: 
STRUCTURAL: New 8 inch thick flat plate concrete slab second floor installed within building; 
Second floor set back from the perimeter of the building; new single ply roof 
Also installed 
ENCLOSURE: New light finish painted on the exterior panels; 60 new windows were punched 
Through the exterior precast concrete panels in a staggered pattern. 
SERVICE: Additional mechanical rooftop equipment installed; underfloor cabling 
Installed: modular wiring distribution system used under a raised ~aneled floor 
FINISH: Private conference areas, offices, etc. concentrated in the center of the building 
Leaving the perimeter as open space with enormous amounts of natural light; 
Helps with ventilation within the building. 
EXPECTED FUTURE 
CHANGES :. 
NOTES : 
PROJECT: K. ~ a ) n e  Smith Building 
passive flow of air; open 
office plan which is used 
in the office areas helps to 
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Lafavette Coruorate Center, Boston. Massachusetts 
The Lafayette Corporate Center is a building located on Washington Street in Boston, 
Massachusetts and its renovation is evidence of the movement to revitalize the Downtown area 
of the city. The building was orignally built as a 3 story tall mall and retail center. The 
renovation of the building upon completion will provide a 600,000-sf retail and office complex 
with 75,000-sf in retail space on the first floor and the remainder of the building for office fitout. 
To provide this space, a large 3-story addition had to be constructed above the existing building. 
The addition to the structure requtred structural reinforcement of the lower three floors and 
minor remediation of the footings (Lawlor, 1998). 
The owner decided that it was better to "grandfather" (i.e., accepted under previous rules) the 
building's floorplate and to add to the structure and suffer the costs associated with the 
modifications necessary for the renovation due to the tight site constraints of the site which the 
building exists than to tear it down and seek approval for a new building. However, if the 
building was originally built with the structural capacity to accept additional loads, or other 
usage classes, these costs would have been decreased dramatically. 
DATE: 1/15/98 
PROJECT TITLE: Lafayette Corporate Center 
LOCATION: Washington Street, Boston, MA 
PROJECT OWNER: 
GENERAL CONTRACTOR / CM i PM (NAME ADDRESS & PHONE): 
Scott Manard, Suffolk Construction Co. 
Boston. MA 
ARCHITECT: 
James Gray, PM, ADD Inc. 
80 Prospect Street, Cambridge, MA 
1617) 661-0165 
CIVIL ENGINEER: 
SUB CONTRACTORS : 
I B L . D I N G  INFOR-MATION: 1 
START DATE: 
FINISH DATE: Nov-98 
PAST USAGE: Mall i Retail center 
PAST SYSTEMS: 
STRUCTURAL: 3 story structural steel frame with concrete slab floors 
ENCLOSURE: Masonry exterior 
SERVICE: Mechanical - heat Rum0 condenser water loor,; Electrical - 120 208 loor, svstem 
Sprinkler and fire protection systems. 
FINISH: Metal stud and drywall interior walls malang up interior space 
SPECIAL CONCERNS: Addition of three additional floors to the too of the existing structure; Entire 
FUTURE USAGE: 
building gutted and demolished down to its structural framing. 
600,000 sf retail and office space complex; 75,000 sf retail space; upper 5 floors 
plus small part of the first floor for office use, while the majority of the first 
floor, namely side facing Washington Street will be used for retail 
NEW SYSTEMS: 
STRUCTURAL: Addition of the three floors to the top of the existing structure; steel 
reinforcement of the lower three floors and the foundation necessarv: minor 
footing remediation required. 
ENCLOSURE: New Precast concrete exterior to replace the older masonry exterior which was 
SERVICE: All new systems installed; new mechanical - chilled water; new electrical - 480 
227 transformer board: new s~rinkler and ~lumbing systems installed 
FINISH: Finish - metal stud and drywall used to construct all lobbies and corridors 
within the building; remainder of the building left unfinished for individual fit 
out bv tenants. 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
PROJECT: Lafayette Corporate Center 


Liberty Tree Building, Boston, Massachusetts 
The Liberty Tree Building is a historic building that has been located on State Street in Boston, 
Massachusetts within Boston's legendary "combat zone" area for over 100 years. This building 
was originally constructed as a mercantile building with some office space. The structural and 
enclosure systems consisted of a historic masonry building faqade with a heavy timber framed 
structure inside. While these systems did not require much rehabilitative work other than the 
replacement of windows and the cleaning and repointing of the exterior masonry, the services 
and interior finish systems required a vast amount of work. All new service systems and an 
entirely new interior finish system were installed in order to meet the required needs of the 
building's new usage as office space designed for individual tenant fit out (Martinelli, interview, 
1997). 
While this building is not an example of a building that has incorporated possible future changes 
within its design, it does serve as an example of how the renovation of a single building can 
provide opportunities for shifts within the atmosphere of the neighborhood it exists. There are 
two interesting thlngs about this renovation project. The first is the particular location that the 
building exists. The "combat zone" has remained notorious as a bad section of the city of 
Boston. However the city has put forth a major effort to attempt to revitalize this area. The 
renovation of the Liberty Tree Building, which now houses the Massachusetts Department of 
Motor Vehicles, is one of the first major steps towards reaching this goal. The second thing is 
the fact that the project was a historic renovation. Despite the accretion of materials and systems 
over time, which was entirely removed, this building was still adaptable for new use wlthout 
disrupting ~ t s  historic heritage. 
I PROJECT DATA SHEET 
DATE: 1 1120197 
PROJECT TITLE: Liberty Tree Building 
LOCATION: 114 State Street, Boston, MA 
PROJECT OWNER: Massachusetts Department of Motor Vehicles (Tenant) - Private Developer 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Scott Martinelli. Shawmut Design and Construction 
ARCHITECT: 
CIVIL ENGINEER: 
560 Harrison Ave, Boston, MA 021 18 
(617) 210-9157 
Bereheimer Associates 
Boston, MA 
SUB CONTRACTORS: 
BUILDING IKFORMATION: I 
START DATE: 
FINISH DATE: 
PAST USAGE: Mercantile and office building (75- 100 years) 
PAST SYSTEMS: 
STRUCTURAL: Heavy timber and masonry structural system 
ENCLOSURE: Brick masonry exterior walls 
SERVICE: Steam heating; very old and outdated mechanical, electrical, conveyances, etc. 
FINISH: Timber stud walls with plaster 
SPECIAL CONCERNS: Asbestos removal, repair and restoration of the historic faqade. 
FUTURE USAGE: Office - tenant MDMV ; rest of space left for fitout; also 1800 sf of retail space 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Masonry enclosure cut and repointed; new windows were installed within the 
Original sashes 
SERVICE: All new svsterns installed: new mechanical - roof to^ chilled water units: new 
Electrical; new svrinkler and plumbing. svstems installed, etc. 
FINISH: Metal stud and drywall partitions used for the new interior spaces 
EXPECTED FUTURE 
CHANGES : 
NOTES: 
PROJECT: Liberty Tree Building 
alls cut and repointed; 
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Mount Auburn Hospital, Cambridge, ~assachusetts 
- 
The Mount Auburn Hospital is a facility that is located on Mount Auburn Street in Cambridge, 
Massachusetts. The site of the hospital is very constrained, with major roads on three sides and a 
large park on the fourth side. Due to these site constraints, the original design for the building 
complex provided the necessary stmctural capacity to accommodate possible future vertical 
expansion of the facility (Brenneman, 1998). 
The recent renovation of the hospital included the construction of a 2-story addition of 
approximately 12,000-sf above the surgical areas of the hospital, the renovation of the basement 
level to house new mechanical rooms and the renovation and upgrade of some interior spaces. 
Construction was performed on the addition as well as the room renovations while the hospital 
remained open. 
Overall, t h ~ s  is an important case for showing how incorporating possible future changes 
(expansion, etc.) within the original design can allow a building to evolve with changing times 
and thus adapt to future regulations and needs. 
DATE: 11/6/97 
PROJECT TITLE: Mt. Auburn Hospital 
LOCATION: Mt. Auburn Street, Cambridge, MA 
PROJECT OWNER: Mt. Auburn Hospital 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Jack Fritz - Shep' " "' '
Bob Dougl: 
(6171 499-5004 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
BUILDKG INFORMATION: 
START DATE: 
FINISH DATE: February-March 1998 
PAST USAGE: 
PAST SYSTEMS: 
Hospital 
STRUCTURAL 
ENCLOSURE 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: Construction being performed above, and around areas in which specialized 
surgery is taking place; work also being done in other areas while regular 
o~eration of the hos~ital  continues 
FUTURE USAGE: Same - simple renovation, upgrade and addition to the existing building 
NEW SYSTEMS: 
STRUCTURAL: Two story steel framed addition constructed above the operating rooms; New 
mechanical rooms constructed in the basement - construction reauired some 
forms of structural reinforcement of the existing structure 
ENCLOSURE: New brick enclosure with windows Iino~erable)  laced on the exterior of the 
addition to the building; new roof also constructed 
SERVICE: Electrical systems upgraded; new mechanical rooms constructed within the 
basement to house mechanical units for addition to the building 
FINISH: Several areas were completely gutted adjacent to the addition; new operating 
roomslareas were constructed in these areas: orivate oatient rooms throunhout 
the rest of the hospital were each individuallv renovated to enhance noise 
reduction and privacy 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
PROJECT: Mount Auburn Hospital 
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705 Mt. Auburn Street, Watertown, Massachusetts 
This building which is located at 705 Mount Auburn Street in Watertown, Massachusetts was 
originally designed for the manufacturing and warehousing of telephones by AT & T. It was 
later bought by Mt. Auburn Hospital and used as a storage building. The new usage for the 
building is for office or research and development fit-out (Hubbard, interview, 1997). 
This shift in usage required several changes within the building. The structural system, which 
was originally designed for manufacturing telephones, possessed the structural capacity 
necessary to allow several modifications to he performed on the building. Such modifications 
included the installation of an additional floor between the existing 1" and 2"d floors of the low- 
rise portion of the building and the construction of a large atrium through the center of the low- 
rise portion of the building. Other changes were required in the services and interior finish 
systems. Due to the excessive structural capacity of the existing building, all of these changes 
could be made with little difficulty and at very little expense. 
I PROJJX* DATA SHEET 
DATE: 1/13/98 
PROJECT TITLE: 705 Mt. Auburn Street - GE Building Renovation 
LOCATION: 705 Mt. Auburn Street. Watertown. MA 
PROJECT OWNER: Prospectus (Developer); Tufts Health (Tenant) 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Kim Hubbard. PE. Kennedv and Rossi Inc. 
ARCHITECT: 
CIVIL ENGINEER: 
181 Bedford Street, Suite 3, Lexin~ton, MA 02173 
SUBCONTRACTORS. 
START DATE: Aun-97 
FINISH DATE: 
PAST USAGE: Manufacturing Utility Comuany - Westing Electric; Records and storage 
Building - Mt. Auburn Hospital; 400,000 sf total floor space 
PAST SYSTEMS: 
STRUCTURAL: Cast in place concrete: 3 low rise floors, 7 high rise floors 
ENCLOSURE: Brick faqade with dirty industrial metal framed windows 
SERVICE: electrical and fire protection (sprinklers) 
FINISH: None - all open area with some small enclosed mechanical and restroom 
facilities 
SPECIAL CONCERNS: Asbestos abatement recruired. 
FUTURE USAGE: Office building / tenant fitout space 
NEW SYSTEMS: 
STRUCTURAL: Same structural system; however, entire new second floor was constructed 
between the existing fust and second floors (20 ft floor to ceiling height); 
atrium cut into center of the low rise section of building to provide natural light 
to all workers; existing structure had high enough load capacity and type of 
design to allow such structural modifications to be made. 
ENCLOSURE: Same yet the exterior brick was repointed and washed: some reinforcement of 
the f a ~ a d e  was necessary (brick had to be tied into the exterior wall to prevent 
brick from falling off building); all new windows were installed; new glass 
skylight was installed over the atrium that was constructed. 
SERVICE: All new electrical, HVAC, plumbing systems installed; existing sprinkler system 
was salvaged and reused ( u ~ a a d e d ) ;  2 tvues of HVAC were installed: 
1)ductwork was used in the low rise section 2)Heat pumps were used in the 
high rise section of the building (due to variances In the floor to ceiling heights) 
FINISH: Floors 1-3 were totaIIy finished to meet the tenant's (Tufts') requirements; open 
areas left on the perimeter with private offices, restrooms, mechanical rooms, 
kitchenettes, conference rooms left near the building's center; floors carpeted; 
metal stud walls and drvwall used to construct ~ r iva te  areas: cafeteriateatine 
area constructed on the first floor for use by all three floors (by a ~ i u m ) ;  large 
three story tall staircase installed within the atrium connecting all 3 floors. 
EXPECTED FUTURE Finishing of the interior on the other floors is expected as more tenants are 
CHANGES : 
"Cheap Project" 
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New York Life Building, Kansas City, Missouri 
"This is a shining example of how a project team can take a dilapidated structure and make it a 
prominent asset to its cityfl(Patterson, 1997). The owner took this abandoned, blighted Italian 
renaissance structure which was built in 1888 as an office building, and revitalized it into a class 
A office building with 200,000 SF of leasable space (Patterson, 1997). 
The ten story steel-framed structure was very sound structurally, but many changes were required 
to revitalize it and bring it up to Class A code. The majority of the exterior enclosure was in 
good condition, but the roof and the historic glass atrium required repair and upgrade. The 
majority of the work consisted of the service and interior finish systems; new HVAC, electrical 
and plumbing systems of state-of-the-art technology were installed, and new finishes, consisting 
of natural environmentally responsible building materials, were used. 
PROJECT DATA SHEET 
DATE: 1/19/98 
PROJECT TITLE: New York Life Building 
LOCATION: 20 W. Ninth Street, Kansas City, MO 
PROJECT OWNER: Owner: Utilicorp United; Developer: Hugh Zlmmer - The Zimmer Companies, 
Inc., Kansas City, MO 
GENERAL CONTRACTOR 1 CM 1 PM (NAME ADDRESS & PHONE): 
J. E. Dunn Construction Company 
929 Holmes, Kansas City, MO 64106-2682 
18 16) 474-8600 
ARCHITECT: 
Kevin Harden, Principal, Gastinger Walker Harden Architects 
Kansas City, MO 
(8 16) 421-8200 
CIVIL ENGINEER: 
Structural - Charles Page and Associates, Inc. 
Mechanical1 Electrical - Smith and Boucher, Inc. 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: New York Life Building - abandoned, blighted Italian renaissance structure; 
built in 1 888 - Office building 
PAST SYSTEMS: 
STRUCTURAL: 10 story steel framed structure (first built in the area) 
ENCLOSURE: 
SERVICE: 
FINISH: Cast-iron, barrel-vaulted lobby skylight, mosaic Italian marble floors, red 
Vermont and pink Tennessee marble walls, a cast iron staircase with cherry 
hand rail and copper plated cast iron fireplaces. 
SPECIAL CONCERNS: To produce a fully code compliant building with state of the art technology 
and environmentally responsible building materials. 
FUTURE USAGE: 200,000 sf of Class 'A' Office space 
(Seven year payback period) 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Existing atrium lealung severely: unable for repair; New atrium built over the 
existing aeium (historic reasons); roof repaired. 
SERVICE: Air handling system which complies with the latest American Society of 
Heating, Refrigerating and Air Conditioning Engineers standards; lighting 
system which adjusts levels to amount of daylight coming into the building. 
FINISH: Paints with low volatile organic compounds (VOCs); wall finishes made from 
natural materials. 
EXPECTED FUTURE 
CHANGES : 
NOTES : 
"[This is a] shining example of how a project team can take a dilapidated 
structure and make ~t a prominent asset to its city." 
PROJECT: New York Life Building 
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Philadelphia Naval Base Foundry, Philadelphia, Pennsylvania 
The Philadelphia Naval Base Foundry was originally constructed in 1918 as a foundry for the U. 
S .  Navy. Since then, due to the lack of maintenance and to the weather conditions in the 
building's location, the building had become functionally obsolete and a severe hazard to human 
occupancy and use. An extensive rehabilitation job had to be performed to prepare the building 
for a new use. This project included the remediation of hazardous materials like asbestos, lead 
paint, chlorinated biphenyls and various metals. A large portion of the structural system had to 
be modified and repaired due to severe deterioration and warplng over time, as well as current 
load and conditional requirements. The entire exterior enclosure system had to be replaced due 
to the same deterioration cause from exposure to the environment. The mechanical and electrical 
systems, as well as equipment, were upgraded, and some new equipment (cranes) was installed. 
In the end, the building was again safe for human use, and has now became a commercial 
building for the production of propellers, propeller shaft sleeves and miscellaneous castings for 
emergency ship repairs (Loomis, 1996). 
Overall, this building case is a prime example of how effective maintenance as well as effective 
design which incorporates maintenance can effect the overall longevity of a building and also 
decrease the building overall lifecycle costs. If this building had been maintained adequately or 
if this building had been designed to include materials that did not require frequent maintenance, 
then the major problem with the building's safety and obsolescence might have been avoided 
entirely or reduced. This renovation project also presents the link between the structural and 
services systems. The installation of new equipment required the modification of a large portion 
of the structural system to meet the load capacity requirements. 
DATE: 1120198 
PROJECT TITLE: Philadelphia Naval Base Foundry I 
LOCATION: Philadelphia, PA Naval Shipyard 
PROJECT OWNER: U. S. Navy 
GENERAL CONTRACTOR 1 CM / PM (NAME ADDRESS & PHONE): I 
ARCHITECT: 
CIVV. ENGINEER: 
SUBCONTRACTORS: 
START DATE: Summer 1996 
FINISH DATE: Spring 1997 
PAST USAGE: Naval Foundry 
PAST SYSTEMS: 1 
STRUCTURAL: Riveted Steel structure suvvorted bv a deer, vile foundation. 3 bays wide bv 
27 bays long with a bay spacing of 24 ft. 
ENCLOSURE: Gypsum concrete roof deck; Masonry siding 
SERVICE: 8 Large structural cranes plus applicable mechanical and electrical systems 
FINISH: 
SPECIAL CONCERNS: Hazardous materials; Asbestos used in roofing systems and insulation; lead 
paint applied in coating the structural steel and chlorinated biphenyls have 
contaminated the floor of the electrical room; various metals also present. 
FUTURE USAGE: New commercial building - will produce propellers, propeller shaft sleeves, and 
miscellaneous castings for emeTgency ship repairs. 
NEW SYSTEMS: 
STRUCTURAL: Structural steel modlfied to meet the current load condition requirements; 
several areas of degradation of the steel were found and required repair or 
re~lacement: 
ENCLOSURE: Structural integrity of the gypsum concrete roof deck and masonry exterior was 
questionable due to exposure to the environment; renovation of the building 
included a complete replacement of the exterior enclosure. 
SERVICE: Mechanical and electrical systems as well as eaui~ment u ~ a a d e d :  5 new 
cranes added and installed and one old crane replaced. 
FINISH: 
EXPECTEDFUTURE 
CHANGES: 
NOTES: 
Building was first constructed in 1918 
PROJECT: Philadelphia Naval Base Foundry 
Installed within the 
rking conditions were 
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Polaroid Building. Cambridge. Massachusetts 
The Polaroid Building is a very old cast-in-place concrete building with waffle slab floors that is 
located on Memorial Drive in Cambridge, Massachusetts. This building was used as a chemical 
research and development building until 1938, and was then used for offices, labs, and some light 
manufacturing until the mid 1990s. The renovation of this building, as well as any work on the 
building's site, was restricted by several factors, including historic preservation of the building's 
exterior, the location of MWRA easements on site, and Chapter 91 of the Massachusetts building 
codes (which restricts any work performed within a certain distance of such easements) (Thomas, 
interview, 1998). 
The interesting thing about this building is the fact that the renovation process went entirely 
against tradition. In most renovation projects, the work begins on the exterior of the building and 
then moves to the building's interior. However, problems with the historic preservation 
commission forced the renovation of this building to do the reverse: begin with the renovation of 
the building's interior and end with the renovation of the exterior fagade. This change in 
sequence displays that work on the different building systems can be done in an uncoupled 
fashion. Traditionally, most work on buildings follows the same general pattern: the structural 
system is worked on first, then the exterior enclosure system, followed by the service systems 
and finally the interior finish system (the last two are often worked on in tandem). This project 
shows that this trend, although common, does not have to be followed in order to complete a 
renovation project efficiently and successfully. 
PROJECT DATA SHEET' 1 
DATE: 2/24/98 
PROJECT TITLE: Polaroid Building 
LOCATION: Memorial Drive, Cambridge, MA 
PROJECT OWNER: Polaroid / Spaulding and Slye 
GENERAL CONTRACTOR 1 CM / PM (NAME ADDRESS & PHONE): 
CM - John Thomas; PM - Hillary Thomas; APM- Mike ?, Spaulding & Slye 
Boston, MA 
ARCHITECT: 
Spaulding and Slye 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
BUILDIKG INFORMATION: 
START DATE: 
FINISH DATE: Jul-98 
PAST USAGE: Until 1938 - B & B Chemical Research and Develo~ment building; After 1938 - 
used for offices, labs and some light manufacturing. 
PAST SYSTEMS: 
STRUCTURAL: Cast in   lace concrete with waffle slabs 
ENCLOSURE: Glazed brick on 3 sides of the building (left, right and front); masonry block on 
the rear faqade; metal framed windows 
SERVICE: Steam heating system, electrical, plumbing and mechanical (including sprinkler 
system) all present yet for most part in poor condition. 
FINISH: 1960s interior amearance:   ink ~a in ted  concrete walls. etc. 
SPECIAL CONCERNS: "3 projects in 1": trying to obtain historic permission to renovate the exterior; 
must get approval to build addition to the rear of the main building as well as to 
demolish the rear two buildings and construct new ones; must determine 
where sewer onsite goes- unable to din it up due to constrainment by MWRA 
easements and Chapter 91; Floor to ceiling heights differ from floor to floor; 
renovation starting on the interior and then proceeding to the exterior; lead 
uaint oroblem with removing the windows 
FUTURE USAGE: Office headquarters for Polaroid - Front Building; two rear buildings to be built 
for future tenant fitout (1.5 vear timeline) 
NEW SYSTEMS: 
STRUCTURAL: Addition to be constructed to the rear of the front building: old staircases 
removed and holes filled in to continue the flobrs. 
ENCLOSURE: Brick exterior replaced entirely in some areas, other areas it was washed and 
repointed; all windows were replaced (lead paint considerations) 
SERVICE: All new mechanical. HVAC. electrical. communication svstems installed: 2 new 
air handling units and condensers installed Ibuildine solit down the middle and 
set up into two zones); electric VAV tapped into the original switch gear in the 
rear of the building; all mechanicals etc. tapped into the original offstreet lines. 
FINISH: Metal stud non-load bearing walls with drywall used to create interior ofice 
partitions and conference rooms; porcelain tile bathrooms and front hall; carpet 
used everywhere else in the buildine. 
EXPECTED FUTURE 
CHANGES: 
NOTES : 
Major work done on the 
rest of the lot as two 
buildings beh~nd  the man 
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Rusk Presbyterian / St. Luke's Medical Center, Chicago, Illinois 
I 
The Rush Presbyterian / St. Luke's Medical Center in Chicago, Illinois, is a 9 story academic 
building which stands besides a small nursing building. Due to the tight site constraints in the 
area, this building was initially design over 20 years ago to acconlrnodate the addition of up to 5 
stories to the top of the original 9 stories (McManamy, 1997; "News: Engineers.. .", 1997). 
I The renovation of the building incorporated a two-story addition to the top of the existing 9-story I I 
1 building. This addition will be used to house the nursing center so that the existing nursing 
i center beside the building can be razed to make room for a new 7 story research center. The 
1 work involved in constructing the addition proceeded during regular hours of building operation 
i with the noisy work being performed at night. By incorporating the required structural capacity 
I 
1 for vertical expansion within the initial design and constnlction of the facility, the building was 
able to overcome its site constraint problems and adapt to its changing requirements overtime. 
I 
I Such thought processes could be incorporated into the design of all structures so that they too are 
I 
capable of accepting and accommodating changes which might occur over their individual 
j lifecycles. 
PROJECT PATA SHEET I 
DATE: 12/27/97 
PROJECT TITLE: Rush Presbyterian1 St. Luke's Medical Center 
LOCATION. Chicago, IL 
PROJECT OWNER: Rush Presbyterian1 St. Luke's Medical Center 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Muhammad Azim, VP, CM - Morse Deisal International 
New York, NY 
ARCHITECT: 
Keith Johnk, Hanson Lind Meyer 
Chicago, IL 
CIVIL ENGINEER: STRUCTURAL 
John Kusswurm. Hanson Lind Mever 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: 9 Story academic center adjacent to nursing building 
PAST SYSTEMS: 
STRUCTURAL, 
ENCLOSURE: 
SERVICE 
FINISH: 
SPECIAL CONCELVS: In the initial design over 20 years ago the academic center was designed to 
accommodate the addltion of up to 5 extra floors; addltlon of two stories had to 
be performed while the rest of the facil~ty continued to operate, removal of the 
exlsting roof to get to the columns caused some problems, Noisy work was 
uerformed at n ~ r h t .  
FUTURE USAGE The A d d ~ t ~ o n  f 2 stories to the academic center to house the nursing center so 
that the nursing center adiacent to the bu~ldinn can be razed for the 
construction of a new 7 story research center 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: 
SERVICE: 
FINISH: 
EXPECTED FUTURE 
CHANGES : 
NOTES : 
PROJECT: St. Luke's Medical Center 
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Sage Hall, Cornell University, Ithaca, New York 
Sage Hall is a historic 123-year-old, 80,000-sf building that served as a woman's dormitory at 
Cornell University in Ithaca, New York. The structural system consists of brickbearing masonry 
walls with wood timber framed floors. The university needed a new building to house its School 
of Management, and Sage Hall was the prime candidate. Because the structural system was in 
considerable danger of failure, the university initially wanted to demolish Sage Hall and build a 
new building on the site. However, the building's faqade was historically protected, and they 
were therefore forced to renovate the structure. Because the exterior faqade of the building was 
historically protected, the designers had to devise a method of reconstructing the building from 
the inside out; they had to leave the exterior brick bearing walls intact while constructing a new 
structural system within them (Angelo, 1997). 
In order to perform this exterior wall stabilization, the design used a specially designed structural 
steel framed tmss system to support the exterior walls while a new 16 ft.  deep drilled caisson 
basement level and 145,000-sf steel framed structure was constructed within it. One of the 
interesting aspects of this project is that it goes entirely against the traditional definition of a 
renovation project. The building's foundation and a large portion of the building's 
superstructure were demolished and a new foundation and superstructure were constructed in 
their place. The part of the original structural system that remained (the exterior masonry 
fa$ade/bearing wall) was transformed into a self-load bearing exterior f a ~ a d e ,  and was tied into 
the new steel superstructure that was constructed behind it. This shows that a link exists between 
the structural and exterior enclosure systems of buildings. 
PROJECT DATA SHEET 
DATE: 1 1123197 
PROJECT TITLE: Sa.qe Hall 
LOCATION: Cornell University, Ithaca, NY 
PROJECT OWNER: Cornell University 
GENERAL CONTRACTOR / CM I PM ( N M E  ADDRESS & PHONE): 
Beacon Skanska Construction Co. 
Boston, MA 
ARCHITECT: 
Alan Chimacoff, The Hillier Group 
500 Alexander Park #Cn23, Princeton, NJ 08540 
1609) 452-8888 
CIVIL ENGINEER: STRUCTURAL 
Roger McCoy, Senior Associate, LeMessurier Consultants Inc. 
Cambridge, MA 
SUBCONTRACTORS: 
Brownell Management Corp., Scotia, NY 
START DATE: 
FINISH DATE: 
PAST USAGE: Women's dormitory 
PAST SYSTEMS: 
STRUCTURAL: Brickbearing wall building - 80,000 sf wood framed interior; failing foundations 
and wood trusses; failed current fire-resistance standards 
ENCLOSURE: Brick Gothic revival exterior enclosure 
SERVICE: 
FINISH: 
SPECIAL CONCERNS: building over 123 years old; had been declared a local landmark in 1990; got 
permission to gut the interior of the building but faqade had to be maintained; 
saving the exterior walls and the mansard roofline required the use of special 
braced steel towers to temporarily hold the walls up while the new building 
skeleton was constructed within the shell 
FUTURE USAGE: Samuel Curtis Johnson Graduate school of Management ($38 Million) 
NEW SYSTEMS: 
STRUCTURAL: 145.000 sf steel framed structure constructed within the existing facade to 
replace the original timber framed failing structure; new 16 ft deep basement 
constructed using drilled caissons. 
ENCLOSURE: Old historically protected exterior was maintained 
SERVICE: 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
"We elected to seek themes in the old building that could be used in the new. 
such as grou~inn of windows.. .We felt that it was crucial to build inside the 
original footprint " 
PROJECT: Sage Hall 
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266 Second Avenue, Waltham, ~ a s s a c h z t t s  
This building which is located in Waltham, Massachusetts is a prime example of the traditional 
definition of a renovation project. The renovation of a building has two minimum requirements. 
These requirements are that the building foundation and the structural frame of the existing 
building must still be standing (Lion, 1982). 266 Second Avenue was entirely stripped down to 
its structural components due to the poor characteristics of its exterior and interior systems, and 
its lack of capacity to fully meet the requirements for the new usage. Because it was, originally 
designed and built as a manufacturing building, its exterior faqade consisted of a precast concrete 
'T' paneled system with small narrow windows. This exterior enclosure system gave the 
building a very institutional appearance and it also was a source of water leakage problems for 
the building. The services within the existing building were minimal, since they were simply 
required to meet the needs for light manufacturing use (Muller, interview, 1997). 
These factors, combined the fact that the building was being renovated for high tech office and 
research and development use, made the decision to strip the building down to its structural 
skeleton the most logical choice. While the existing building was not completely able to suit the 
new usage needs without substantial rehabilitative work, the new design for the building has 
incorporated some forms of future planning. The majority of this "thinlung ahead" involved the 
service systems. The new building was constructed with extra power upon the tenants' request to 
meet future needs of the equipment within the building. 
I PROJECT DATA SHEET 
DATE: 12/4/97 
PROJECT TITLE: 266 Second Avenue 
LOCATION: Waltham, MA 
PROJECT OWNER: CC & F Second Avenue Trust 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
John Moriaritv & Associates 
ARCHITECT: 
CIVIL ENGINEER: 
Winchester, MA 
Lafreniere Architects 
SUBCONTRACTORS: 
I-IVAC, electrical, plumbing: AbboodMolloran, Associates 
START DATE: 
FINISH DATE: 
PAST USAGE: Manufacturing building 
PAST SYSTEMS: 
STRUCTURAL: Steel framed building with precast concrete slab floors 
ENCLOSURE: Precast concrete T paneled exterior; unpleasant, institutional appearance; small 
SERVICE: Minimal electric, plumbing and other systems to meet use for light 
manufacturing. 
FINISH: Metal studs and drywall partitions 
SPECIAL CONCERNS: Exterior had severe water problems due to age; also had problems due to 
FUTURE USAGE: Tenant mace: base building = 2 tenants ~ l u s  a common cafeteria 
NEW SYSTEMS: 
STRUCTURAL: Same; Rear stairway removed, hole filled in; new stairway constructed in new 
hole on the opposite rear corner of the building. 
ENCLOSURE: Precast panels replaced existing exterior which was completely removed; new 
s t r i ~  windows installed around buildinn: new curtain walls installed at the two 
entrances for the building. 
SERVICE: Entire new plumbing, fire protection; HVAC and electrical systems u~praded to 
meet use by several possible tenants; 4 new 75 ton train units installed (HVAC); 
Freight elevator u~p-raded and renovated for Dassenger usage reauirements 
FINISH: Metal stud and drywall used to construct private offices in the first floor office 
mace: second floor mace it was used to construct the common areas and the 
central areas leavine the perimeter of the building open for office use. 
EXPECTED FUTURE 
CHANGES: 
NOTES: 
Extra Dower was added to the second floor offices e ~ u i ~ m e n t  room to meet 
their individual power needs; indirect lighting used in all office areas. 
PROJECT: 266 Second Avenue 
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Standard Life Tower, Calgary, Alberta 
The renovation of the Standard Life Tower in Calgary, Alberta is another example of the 
revitalization of a office building that was old and nearing complete obsolescence into a class A 
office building. The structural and enclosure systems were for the most part left untouched, 
aside from the cleaning and waterproofing of the porous concrete exterior panels, and the 
construction of a new entranceway (Monroe, 1998). 
The majority of the work revolved around the services and interior finish systems, again showing 
the strong link between the two building systems. The work on the services included the 
installation of a new electrical system with a computerized (programmable) building directory, 
the installation of microprocessor controls within the elevators, the installation of a new HVAC 
system, the installatton of new sprinklers, fire alarm and smoke removal systems. The work on 
the services also included the installation of a new security system consisting of proximity card 
access controls, security cameras and panic buttons. The work on the lntenor finish system 
included the enlargement of the main lobby and the installation of good natural finish material 
within it, as well as the elevators and elevator lobbies on each floor. The rest of the office space 
was left for tenant fit out. By performing the renovation of this blighted buildmg, the owners 
were able to raise rental rates from $2-3 /SF to $24 /SF, and increase the occupancy rates from 
43% to 100%. 
By redesigning the building's services and interior finish, the owner was able to transform this 
building into a prosperous Class 'A' office building. Much of this success is attributed to the 
amount of services and hence the amount of flexibility which the building has to offer its 
prospective tenants. 
PROJECT DATA SHEET 1 
DATE: 5/20/98 
PROJECT TITLE: Standard Life Tower 
LOCATION: Calgary, Alberta 
PROJECT OWNER: Standard Life Insurance Company 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
BLK Architects and Domus Interior Architecture Inc. 
CIVIL ENGINEER: 
SUBCONTRACTORS : 
START DATE: 
FINISH DATE: 
PAST USAGE: Class T? ' office space 
PAST SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Weather worn, post tensioned cast in place concrete exterior; existing entrance 
consisted of glazing which had mullions at 2 ft 6 inch centers. 
SERVICE: Moderate systems - Air conditioning using CFC refi-igerants. 
FINISH: Standard interior space for office fitout 
SPECIAL CONCERNS: 
FUTURE USAGE: Class 'A' office space 
- - -  -- 
NEW SYSTEMS: 
STRUCTURAL: 
ENCLOSURE: Porous concrete panels were power washed and coated with a waterproofing 
sealant; Stainless steel and glass arch with structural glass with no mullions 
reulaced the existing entrancewav 
SERVICE: Computerized (programmable) building directory installed; elevators upgraded 
with microprocessor controls: ice storage svstem and 3 new chillers 
supplemented by an automated induction and ceiling air distribution HVAC 
control system; adjustable air-volume controls floor to floor A/C; sprinklers, 
auto fire detection alarm svstem. smoke removal svstem. ~roximitv card access 
control, security cameras and panic buttons all installed. 
FINISH: Lobby enlarged - finished with good materials: elevator lobbies finished with 
the same materials; rest of building left for individual tenant fitout. 
EXPECTEDFUTURE 
CHANGES: 
NOTES: 
Moved from a $2-3 / sf building to a $24 / sf building 
PROJECT: Standard Life Tower 
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28 State Street, Boston, Massachusetts 
28 State Street is an office building in Boston that became outdated and nearly unleaseable due 
to its lack of available parking, problems with building sway, and large amount of asbestos 
contamination. The renovation of this building entailed the refurbishment of all four of its 
building systems with a majority of the work consisting within the exterior enclosure, services, 
and interior finish building systems. The changes within the structural system included the 
demolition and redesign of three underground building levels that were once used for the 
mechanical space so that a parlung garage could be constructed. Seismic dampers were also 
installed within the building to decrease the amount of sway within the building (Patterson, 
1998). 
Extensive work was performed on the exterior of the building to enhance its appearance within 
the surrounding neighborhood. New windows were installed, a huge elegant new entranceway 
and lobby were constructed as well as a new additional entranceway. The most extensive work 
that was performed incorporated changes within the services and finish systems. The mechanical 
systems, which were originally housed within the 3 basement levels of the building, were 
removed and replaced by smaller and more efficient units on the 4', 5Ih and 36th floors of the 
building. Meanwhile, the new interior finish consisted of materials that were aesthetically 
pleasing, durable, and capable of easily being maintained and repaired if required. 
This building is another example of how initially designing a structure to meet the necessary 
requirements to insure the comfort of the building's occupants is important. The insufficient 
structural strength to prevent building sway, the lack of parhng, and the aesthetic problems all 
could have been avoided if they were incorporated into the initial designs for the building. 
However, by instituting these changes within the building's renovation, the owner was able to 
change this blighted structure that was on the road to complete obsolescence into a Class 'A' 
office building in one of the best locations in Boston. Furthermore, the owner took the step 
towards incorporating maintenance and building flexibility into the design through lts choice of 
services and types of materials. 
PROJECT, ISAT& SHEET 
PROJECT TITLE: 
DATE: 5/21 /98 
28 State Street 
LOCATION: Boston, MA 
PROJECT OWNER: Equity Office Properties Trust, Chicago, IL 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Suffulk Construction Company 
Boston, MA 
ARCHITECT: 
Elkus/ Manfredi Architects, Ltd. 
Boston, MA 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: Office space 
PAST SYSTEMS: 
STRUCTURAL: Building had problems with swaying in the wind 
ENCLOSURE: Windows were operable and inefficient; granite paneled exterior, with holes 
that were filled in by a dark sealant which made the building appear like it had 
acne 
SERVICE: Mechanical and electrical systems outdated; failed to meet current codes; 
subground levels housed the mechanical plant for the entire building. 
FINISH: 
SPECIAL CONCERNS: $ 10 million asbestos abatement; No parking 
FUTURE USAGE: Class 'A' office mace 
NEW SYSTEMS: 
STRUCTURAL: 3 levels of undergrouild mace underwent massive demolition to make room for 
a parking garage; seismic dampers were installed within the building in effort 
to help decrease the amount of building sway 
ENCLOSURE: 28 ft, elliptical glass wall ~nstalled in the new.lobby; new entrance on Congress 
Street with 2 revolving and 2 leaf doors; acne holes reopened and filled with a 
compound of stone that blended with the granite face; windows were upgraded 
to double ~ a n e d  insulated glass with better shading coefficients and thermal 
resistance. 
SERVICE: Floor by floor packaged condenser water units that feed a low temD variable 
air volume system; air handling equipment placed on the 4th, 5th and 36th 
floors; oval ductwork used to maximize the floor to ceiling heights (thin, rigid 
and cut down the noise): recessed lighting: new restrooms on everv floor: new 
energy management system; new micro~rocessor based elevators 
FINISH: Used materials that were aesthetically   lea sine, as timeless as ~ossible.  and 
that could be maintainedkepaired if need be; lobby enlarged by 12 ft. and had 2 
grand staircases with retail space outlined on both levels (1st & 2nd); Finishes 
included: curved hand crafted mahogany, granite floors, and ellipses painted 
blue to accent the ceiling 
EXPECTED FUTUFE 
CHANGES : 
NOTES : 
PROJECT: 28 State Street 
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255 State Street, Boston, Massachusetts 
This building located at the end of State Street in Boston, Massachusetts is a prime example of 
why planning ahead and fully inspecting an existing building's design is important, as well as 
planning ahead and making the original design flexible enough for future modifications and 
usage classes. This building, which was originally designed and constructed in 1926, was used 
as a warehouse building until 1980. In 1980, it was renovated for office use with one single 
tenant in mind. The current renovation on the structure involves modifying the building to meet 
the needs of multiple Class 'A' office tenants rather than just one single tenant. While this 
building appeared like a prime candidate for renovation upon the beginning of the work, it was 
soon realized that in fact the renovation entailed a lot more work than expected ("On Spec", 
1998; Kliener, interview, 1998). 
This extra work is largely attributed to the original stni'cture system type that was used for the 
building. The building consists of a cast-in-place (CIP) concrete structure with large mushroom 
capped coluinns and flat slab floors. However, unlike the traditionally reinforced CIP structures, 
the reinforcing steel within the slabs does not run longitudinally but instead runs in large 
concentric loops around particular stress areas (e.g. column caps). These loops were designed to 
act in tension and hence balance the stresses within the structure. However, in order for this 
method of design to work efficiently, the reinforcing steel had to be installed to near perfection, 
which unfortunately did not happen. With current codes, this type of design would not comply; 
however, it does possess sufficient strength for use as office space. 
Because of this design type and the poor quality of its construction, several problems arose in the 
modifications of the existing slab floors. Any structural modifications had to be restricted to the 
central core of the building, and involved precise incisions of utility shafts and the construction 
of a new elevator shaft. Although the renovation was able to proceed despite this problem, the 
entire project might have gone better if two factors were considered prior to performing the 
work. The project might have gone better if first, the existing building system type was analyzed 
fully prior to renovation and second, if the initial design for the building incorporated a more 
traditional longitudinal reinforcing design for the concrete slab floors which are capable of 
accepting modifications. 
I PROJECT PAT.4 SHEET 
DATE: 2/9/98 
PROJECT TITLE: 255 State Street 
LOCATION: Boston, MA 
PROJECT OWNER: Fidelity Capital Real Estate Investors 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
Gilbane Building Company 
Boston, MA 
1617) 441-3236 
ARCHITECT: 
Peter Kliener, Schwartz, Silver Architects 
530 Atlantic Avenue, Boston, MA 0221 0 
1617) 542-6650 
CIVIL ENGINEER: MECHANICAL 
R. G. Vanderweil 
SUBCONTRACTORS: 
START DATE: 
FINISH DATE: 
PAST USAGE: 220,000 sf office building - 1980; warehouse building - 1926 to 1980 
PAST SYSTEMS: 
STRUCTURAL: Cast in place concrete; large mushroom capped columns; flat slab wlth 
reinforcing loops (rebar arranged in circular patterns around stress areas) 
which act in tension to balance the stresses withln the structure; would not 
comply with current codes 
ENCLOSURE: Masonry faqade: limestone and brick with windows; exterior concrete in poor 
condition 
SERVICE: Coal boiler system with hot water DumDs; central cooler; all mechanical 
svstems located within the basement; toilet rooms added in 1979; all systems 
set up to meet the needs of a single tenant, and therefore are incapable of 
accommodating type 'A' class office tenants 
FINISH: Demising walls - steel studs with drywall used for partitions within the building 
SPECIAL CONCERNS: Problems with building during renovation: Poor standards of the concrete; due 
to the method of reinforcing used the reinforcing steel had to installed near 
perfect - it wasn't; this causes large problems with modification; all structural 
modifications were restricted to the building's central core. 
FUTURE USAGE: Multi-tenant class 'A' upscale office building 
NEW SYSTEMS: 
STRUCTURAL: Several structural modifications made: holeslshafts cut into the center of the 
building's floors; old staircase shafts filled in; staircases moved into the center 
core of the building using existing elevator shaft hole; new elevator installed 
and shaft constructed 
ENCLOSURE: Brick exterior redone due to poor craftsmanship which was used in initially 
installing it; most of it was failing and falling apart; precast panels with glass 
windows were installed for the remainder of the exterior 
SERVICE: All toilet rooms were reconfigured slightly and renovated; new rooftop 
condensed water cooling tower installed; Air conditioning installed using the 
original shaft space; Package units including a chiller were installed on each 
floor thus occupying a large amount of space on those floors; electric heating 
units also installed on each floor; VAV units were installed on the exterior. 
FINISH: Open office plan: central core housing elevators, stairs, restrooms, lutchen 
areas, and mechanical rooms, surrounded by a perimeter of open office space 
left for tenant fitout. 
EXPECTED FUTURE 
CHANGES : 
NOTES : 
Major Major Major 
'he remainder of the Systems initially deslgned The interior was gutted 
xterior was replaced and constructed to meet and remodeled with an 
.ntirely with new precast needs of a single tenant for open office plan: central 
lanels and glass windows entire building, so all core which houses 
required modifications to elevators, stairwells, 
meet needs for multiple restrooms, kitchen areas, 
tenants; New rooftop and mechanical rooms 
condensed water cooling surrounded by a perimeter 
tower installed; Air of open office space left 
conditioning installed for tenant fit out 
using existing shaft space; 
Package units including a 
chiller & electric heating 
units installed on each 
floor; VAV units installed 
(on  exterior 
Yes Yes 
l u e  to poor craftsmanship The electrical, mechanical, 
n the laying of a large HVAC etc. units were all 
~roportion of the exterior upgraded and increased in 
,rick fagade, it was in power and load capacity to 
ianger of failing and thus meet the needs of several 
.equired repair and tenants 
.eplacement 
ace was sacrificed for 
Building floor design 
leaves the interior spaces 
for common use by peoplt 
while the exterior space 
remains for use as office 
areas, etc. 
25
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Union Station, Seattle, Washington 
Union Station in Seattle, Washington is an old historic structure that was once a coal gasification 
plant. Although the building is structurally sound, the remaining systems required substantial 
reconstmction in order to bring the building back to an occupiable state. Approximately $3.3 
million was spent to dispose of residual coal tar brought to the surface by the driving of new 
foundation piles in the areas surrounding the building. Upon renovation of the facility, it will 
house office space as well as the Seattle Area R e ~ o n a l  Transit Authority's commuter light-rail 
and bus system. Overall, this project simply was a traditional rehabilitation of one of the most 
prominent brownfield sites in the state of Washington ("Seattle's Union Station", 1997). 
PROJECT DATA SHEET 
DATE: 1/16/98 
PROJECT TITLE: Union Station 
LOCATION: Seattle, Wash~ngton 
PROJECT OWNER: Nitzestagen 
GENERAL CONTRACTOR I CM 1 PM (NAME ADDRESS & PHONE): 
ARCHITECT: 
CIVIL ENGINEER: 
SUB CONTRACTORS: 
BUILDING IR'FORMATION: I 
START DATE: 
FINISH DATE: 
PAST USAGE: Coal gasification plant 
PAST SYSTEMS: 
STRUCTURAL: Sound structurally 
ENCLOSURE: Badly deteriorated concrete; tile roof with a glass atrium 
SERVICE 
FINISH: Office had to be removed 
SPECIAL CONCERNS: " One of the prominent brownfield sites in the state of Washington."; 
$3.3 million spent to dispose of residual coal tar brought to surface by driving 
piles; whole renovation project to cost $20 million. 
FUTURE USAGE: Office space and Seattle Area Regional Transit Authority's Commuter light-rail 
and bus svstem hub. 
NEW SYSTEMS: 
STRUCTURAL: Same 
ENCLOSURE: Torn apart and then restored - restored the concrete cornices, the tile roof and 
the glass atrium. 
SERVICE: 
FINISH 
EXPECTEDFUTURE 
CHANGES: 
PROJECT: Union Station, Seattle, 
Washington 
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Worthington Place, Cambridge, Massachusetts 
Worthington Place is a building complex in Cambndge, Massachusetts which consists of three 
main buildings that are all tied together: a 5 story cast-in-place concrete structure with mushroom 
capped columns and flat slab floors, a 4 story steel framed structure wlth brick f a ~ a d e  and timber 
floored decks, and a 2 story steel and timber framed structure. This complex was originally 
designed as a metal stamping industrial plant, and therefore possessed sufficient load capacities 
but meager service and finish systems (Russell, interview, 1997). 
This case study provides another example of the flexibility which excess structural load capacity 
can offer in the reuse of a building's interior space. The types of structural systems within the 
complex and their load capacities allowed the construction of a large atrium within the 4 story 
steel framed structure, as well as the addition of two floors to the top of half of the cast-in-place 
structure and the installation of another floor in the 5 story part between the 5Ih floor and the 
roof. However, although the building allowed the changes to be easily made, the new design for 
the build~ng fails to incorporate any future possible changes that might occur or that might be 
required. The new destgn of the complex was simply made to meet the needs for apartment 
residential use without any consideration of possible future changes for the future (e.g., the 
inclus~on of laundry service within the individual apartments versus one public laundry room). 
I PROJECT DATA SHEET I 
DATE: 1211 6/97 
PROJECT TITLE: 
LOCATION: 
Worthington Place 
Kendall Square, Cambridge, MA 
PROJECT OWNER: Worthington - Dick Russell, contact 
GENERAL CONTRACTOR / CM / PM (NAME ADDRESS & PHONE): 
CWC Builders Inc. 
7 Wells Ave., Ste. 4, Newton, MA 02159 
(617) 965-2800 (2880-fax) 
ARCHITECT: 
CIVIL ENGINEER: 
SUBCONTRACTORS: 
BUILDING INFORMATION: 
START DATE: 
FINISH DATE: 
PAST USAGE: Metal stamping industrial plant 
PAST SYSTEMS: 
STRUCTURAL: Steel structure for the left building and rear building; cast in place concrete 
structure in the front building 
ENCLOSURE: Brick veneer with glass windows in the left and rear buildings; front building 
has a concrete exterior with large full length steel and glass windows. 
SERVICE: Steam boiler serviced all of the buildings; sprinkler system (risers plus piping) 
292 
supplied; no air conditioning; mediocre electrical system; small service 
elevator 
FINISH: None: open floor areas - industrial use for metal stamping 
SPECIAL CONCERNS: Historical faqade - must be preserved; heating and cooling efficiency problems 
due to the windows and ceiling heights; high windows in the rear building are 
not very useful. 
FUTURE USAGE: 1 to 2 bedroom apartments; - 180 total; -$18001month rent plus utilities 
NEW SYSTEMS: 
STRUCTURAL: Same as the previous; addition of a fifth floor to the top of the building on the 
left; additional floor (6th) installed above the 5th floor of the concrete building 
in the front due to the high ceiling heiehts. 
ENCLOSURE: Same due to the historic requirements; brick faqades washed and repointed; 
new energy efficient windows resembling the original windows installed 
SERVICE: Vertical 2 pipe whalen heat pump units installed within each apartment; 
electrical system upgaded; laundry room installed into the building; sprinkler 
risers reused, new piping installed; new elevator installed; old elevator 
redaced with new passenger elevator 
FINISH: Metal stud walls with gyDsum board ~ainted used to construct the interior 
space into individual apartments; gypcrete placed on the floors to level them; 
all floors carpeted, vinyl placed in the lutchen and bathroom areas. 
EXPECTEDFUTURE 
CHANGES: 
NOTES: 
space from open areas into z 
maze of private apartment 


Appendix C: Framework Definitions and Links 

Load Capacity: 
Must determine the load bearing characteristics of the exterior (which portions are load 
bearing vs. which are not) and compare their designed capacity and conditions with the 
System Type: it meets code requirements and is in sufficient condition to meet the building's usage 
requirements 
Performance Must determine if the exterior enclosure meets the current requirements for: Energy 
Requirements: Efficiency, Weather Tightness, and Accessibility (Entrances) 
Special Requirements: Must determine if the exterior is protected by Historic Preservation 
Structural (Upgrade of Existing Functions, Incorporating New Functions, Modification 
Links for New Usage) Services (Modification for New Usage) to: Enclosure (Modification for New Usage, LoadsIConditions, Environment, 
People~Things) 
Load (Power) Compare the existing service systems and their power capacities to the necessary loads 
required by current usage needs to determine if systems require upgrade, repair andlor Capacity: 
System Type: 
Performance 
Requirements: 
replacement. 
Identify the existing types of systems, their size, and their eficlency and determine if 
they best fit the building's future usage needs. 
Determine if the systems efficiently provide the necessary performance requirements 
for the building's future usage class: Efficiency, Light, Air, W'armth, and Cooling 
Links 
to: 
Structural (Modification for New Usage, LoadsIConditions) 
Services (LoadsIConditions, Volume, Environment, PeopleIThings) 
Finish (Upgrade of Exlsting Functions, Incorporating New Functions, Modification 
for New Usage, Environment, PeopleiThings) 
Interior Finish System 
System Type: 
Special Requirements: 
Spatial Dimensions: 
Building Codes: 
Performance 
Requirements: 
Determine and compare the materials, framing type, and their conditions (level of 
deterioration) to the building's future usage requirements for the interior space 
Must determine if any part of the interior is protected by Historic Preservation 
Determine and compare the existing volume (Room Size, Environment, Distance from 
Narural Light, Noise Reduction) of the interior to that required to meet the building's 
future usage class. 
Compare the past and current codes to insure that the building's layout of interior space 
meets the occupancy requirements (ADA requirements, etc.) 
Determine if the current interior finish layout fulfills the necessary performance 
requirements for the building's future usage: Accessibility, Light 
Links 
to: 
Finish (LoadsIConditions, Volume, Environment, People,/Things) 
Services (Upgrade of Existing Functions, Incorporating New Functions, Modification 
for New Usage) 
INCORPORATING EW FUNCTIONS 
Structural System 
/ 1 1 S ~ a t i a l  D i m e n s i o n s :  I ability to support thosidimensions wlth those requiredfor the building's future usage I 
Load Capac i ty :  
B u i l d i n g  C o d e s :  
S i t e D u i l d i n g  I ssue :  
- 
P e r f o r m a n c e  
R e q u i r e m e n t s :  
I to insure that-increases In volume, andlor the addition of floorslatnum; can be made 1 I Structural (Modification for New Usage, LoadsiCondit~ons,  Volume, Environment, I 
Analyze the existing structural system and determine if it can carry the new load 
conditions imposed by the addition of the new funcrions. 
Compare the past and current codes to insure that the building's structure meets the 
occupancy requirements. 
Before incorporating new functions it must be determned how the existing space will 
be effected (Site~Working Constraints) and how the new functions will be incorporated 
into the existing building (Construction Planning) 
Must compare the existing performance requirements to those for the building's future 
usage to determine what new functions are necessary for the structural system: 
Accessibility, Parking and Conveyances 
Compare the existing spatial dimensions of the building's structural system and its 
PeopleTI'hings) 
Enclosure (Incorporating New Functions) 
Services (Upgrade of Existing Functions, Incorporating New Functions) 
Finish (Volume) 
Exterior Enclosure System 
Must determine the load carrying characteristics of the exterior enclosure (load vs, non- 
L o a d  C a p a c i t y :  load beanng) to insure that it can support any new functions adequately 
P
Compare the existing spatial dimensions of the building's enclosure system and its 
Spa t ia l  D i m e n s i o n s :  abiliG to support those-dimensions wlth those repiredfor the building's future usage 
to insure that increases in volume, andlor the addition of floors/atriums can be made 
P e r f o r m a n c e  Must compare the existing condition of the exterior and its abllity to meet the required performance requirements to its potential capabihty to meet the building's future usage 
R e q u i r e m e n t s :  requirements: Weather Tightness, Accessibility (Entrances) 
Structural (Incorporating New Functions, Modification for New Usage, Volume) 
Links Enclosure (LoadsiConditions, Volume, Environment, People/Things) 
to:  Services (Incorporating New Functions, Modification for New Usage) 
Finish (Incorporating New Functions, Modification for New Usage) 
Services System 
Load (Power) Before incorporating new service systems it is necessary to determine that the bullding has the power necessary to run those systems effectively and efficiently, and if not to Capacity: insure that the needed power is obtained. 
Must examine the existing servlces and the matenals they conslst of to Insure that they 
1 I / B u i l d i n g  C o d e s :  Compare the past and current codes to the existlng service systems to insure that they meet the occupancy requirements 
Performance 
R e q u i r e m e n t s  : 
Must compare the existing condition of the services and their ability to meet the 
required performance requirements to their potential capability to meet the building's 
future usage requirements in Accessibility (Conveyances), Energy Efficiency, Light, 
Air, W m t h ,  and Cooling 
Links 
to: 
I I I Spat ia l  D i m e n s i o n s :  I finish system to the required volume to insure thatnew functions can be adequately I 
Structural (Incorporating New Functions, Modification for New Usage, LoadsiConditions) 
Enclosure (Incorporating New Functions, Modification for New Usage) 
Services (LoadsiConditions, Volume, Environment, PeoplelThings) 
Finish (Upgrade of Existing Functions, Modification for New Usage, Volume, PeopleJThings) 
/ 1 Interior Finish System I Corn~are the exist in^ volume (Layout of Interior Space, Room Size) of the interior 
B u i l d i n g  C o d e s :  
Performance 
R e q u i r e m e n t s :  
incorporated 
Compare the past and current codes to the existing interior finish system to insure that 
it meets the occupancy requirements (ADA regulations, etc.). 
Must compare the existing condition of the interior finish system and its ability to meet 
the required performance requirements with its potential capability to meet the 
building's future usage requirements in Accessibility 
Links 
to: 
Enclosure (Incorporating New Functions) 
Services (Upgrade of Existing Functions) 
Finish (Modification for New Usaae, Volume, Environment, P e o p l e m i n g s )  
Links 
to: 
Volume) 
Services (Upgrade of Existing Functions, Incorporating New Functions, Modification for New Usage, 
Volume, Environment) 
Finish (Modification for New Usage, Volume, Peoplerrhings) 
Exterior Enclosure System 
Load Capacity: 
Special Requirements: 
Performance 
Requirements: 
Identify the existing load capacity of the building's enclosure system (load vs. non-load 
bearing) and determine its ability to withstand the loads and conditions associated with 
the new usage and any modifications required to meet this usage. 
Must determine if the exterior is protected by Historic Preservation 
Must compare the existing condition of the enclosure system and its ability to meet the 
required performance requirements with its potential capability to meet the building's 
future usage requirements in Energy efficiency, Weather tightness, Accessibility 
(Entrances), Natural light, Ventilation, Etc. 
Links 
to: 
Structural (Modification for New Usage, LoadslConditions) 
Enclosure (Upgrade of Existing Functions, Loads/Conditions, Volume, Environment, PeopleiThings) 
Services (Incorporating New Functions, Modification for New Usage, Volume, Environment) 
Finish (Modification for New Usage) 
Services System 
Load (Power) 
Capacity: 
System Type: 
Performance 
Requirements: 
Before modifying the building for new usage, it is necessary to determine that the 
building has the power necessary to run the services required effectively and efficiently, 
and if not to insure that the needed power is obtained. 
Must examine the existing services and the materials they consist of to insure that they 
are capable of servicing the new building usage requirements and can potentially be 
reused for that purpose. 
Must compare the existing condition of the services and their ability to meet the 
required performance requirements with their potential capability to meet the 
building's future usage requirements in Energy Efficiency 
Links 
to: 
Structural (Moditication for New Usage) 
Enclosure (Upgrade of Existing Functions, Incorporating New Functions, Modification for New Usage) 
Services (loads/Conditions, Volume, Environment, PeoplelThings) 
Finish (Upgrade of Existing Functions, Modification for New Usage, Volume, PeopleiThings) 
Interior Finish System 
'patial Dimensions: 
Building Codes: 
Performance 
Requirements: 
Compare the existing volume (Layout of Interior Space, Room Size) of the interior 
finish system to the required volume to insure that new usage can be incorporated 
Compare the past and current codes to the existing interior finish system to insure that 
it meets the occupancy requirements (ADA regulations, etc.). 
Must compare the existing condition of the interior finish system and its ability to meet 
the required performance requirements with its potential capability to meet the 
building's future usage requirements in Accessibility, natural lighting, noise reduction, 
and social/productivity issues 
Links 
to: 
Structural (Modification for New Usage) 
Enclosure (Upgrade of Existing Functions, Incorporating New Functions, Modification for New Usage) 
Services (Incorporating New Functions, Modification for New Usage) 
Finish (Incorporating New Functions, LoadsiConditions, Volume, Environment, PeopleiThings) 
LOADS/CONDITIONS 
Structural System 
Compare the designed capacity and conditions of the structural components and the Load Capacity: types of loading they support with the current load requirements and regulations 
Compare the past and current codes to the existing shctural  system to insure that it Building Codes: 
meets the occupancy requirements (ADA regulations, etc.). 
Must consider the existing materials and framing type and insure that it can support the System Types: 
new load conditions for the building's occupancy class 
Structural (Upgrade of Existing Functions, Incorporating New Functions, Modification for New 
Usage, Volume, Environment, PeopleAbings)  Links Enclosure (Modification for New Usage) 
Services (Upgrade of Existing Functions, Incorporating New Functions) 
Finish (Environment, PeoplelThings) 
Exterior Enclosure System 
I Identify the existing load capacity of the building's enclosure system (load vs. non-load 
Load Capacity: bearing) and determine its ability to withstand the loads and conditions associated with 
the building's future usage. 
Compare the past and current codes to the existing enclosure system to insure that it Building Codes: 
meets the occupancy requirements (ADA regulations, etc.). 
Performance Must compare the existing condition of the enclosure system and its ability to meet the 
required performance requirements with its potential capability to meet the building's 
Requirements: future usage requirements in Energy Efficiency, Weather Tightness 
Must analyze the existing materials and siding type used for the exterior to insure that 
System Types: it meets code requirements and is in sufficient condition to meet the building's usage 
requirements 
Links Enclosure (Upgrade of Existing Functions, Incorporating New Functions, Modification for New Usage) a ~ ,  I to: I Finish (Environment, PeopleIThings) 
I Services Svstem 1 Load (Power) Compare the existing service systems and their power capacities to the necessary loads 
Pn--,.:+.,. required by current usage needs to determine if systems requ~re upgrade, repair andlor 
Performance required p&formance requirements with their potential capability to meet the 
Requirements: building's future usage requirements in Energy Efficiency, Air, Ventilation, Warmth, 
~ a p a u ~ y .  
System Type: 
replacement. 
Identify the existing types of systems, their size, and their effic~ency and determine if 
they best fit the budding's future usage needs. 
Must compare the existing condition of the services and their abllity to meet the 
Building Codes: 
and Coohng 
Compare the past and current codes to the exlsting servlces to insure that they meet the 
occupancy requirements (ADA regulations, etc ) 
I Interior Finish System / Must determine where any load-bearing member of the interior finish system exists 
Load Capacity: 
Links 
(intenor walls, columns, etc ) and if so how to work around it w~thout disturbing the 
other b u ~ l d ~ n g  systems and the bullding's stabihty as a whole 
Services (Upgrade of Exlsting Functions, Incorporating New Functions, Modification for New 
Usage, Volume, Environment) 
Finlsh (Environment) 
Links 1 F m s h  (Upgrade of E x ~ s t ~ n g  F u n c t ~ o n s ,  M o d ~ f i c a u o n  for New Usage, Env~ionrnent)  
tn. 

Services (Upgrade of Existing Functions, Incorporating New Functions, Modification for New 
Usage, Loads/Conditions, Volume) 
1 
Interior Finish System 
P e r f o r m a n c e  
R e q u i r e m e n t s :  
Spatial Dimens ions :  
Sitemuilding Issues: 
Must compare the existing condition of the interior finish system and its ability to meet 
the required performance requirements with its potential capability to meet the 
building's future usage requirements in User Comfort, Natural Light, Privacy, Noise 
Reduction, and Social'Productivity Issues 
Compare the existing spatial dimensions of the building's finish and its ability to 
support those dimensions with those required for the building's future usage to insure 
that increases in Volume, Layout of Interior Space, Room Size can be made 
Must identify and determine i f  any Environmental Hazards or other Constraints exist 
within the building which may harm its future occupants. Such hazards as asbestos, 
lead paint, PCBs, etc. must be considered and removed prior to renovation. 
Links 
to :  
Structural (LoadslConditions) 
Enclosure (Loads/Conditions) 
Services (Upgrade of Existing Functions, LoadsfConditions) 
Finish (Upgrade of Existing Functions, Incorporating New Functions, Modification for New 
Usage, LoadslConditions, Volume) 
determine its ability to support the building's future usage. Certain building 
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